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FOREWARD 


This manual defines the configuration, operation, and maintenance 
requirements for the cor. irrac cor- furnished portion of the XV-15 
research instrumentation and data acquisition system. Interface 
with Government Furnished Equipment (GFE) is established through 
schematics and block diagrams. Operation, maintenance, and 
checkout procedures for GFE are not included in this manual. 
Organization of the Research Instrumentation and Data Acquisition 
Manual is as follows: 


VOLUME I 


VOLUME II 


VOLUME III 


VOLUME IV 


GENERAL INFORMATION: 

This volume contains descriptions of systems 
operation, maintenance and checkout proce- 
dures, calibration procedures, cable designa- 
tions and definition of the CFE/GFE inter- 
face. 

AIRCRAFT S/N 702 CONFIGURATION: 

This volume establishes the instrumentation 
configuration for XV-15 Aircraft No. 1 (S/N 

702 ) . Transducer calibration data and PCM 
setup sheets applicable to Aircraft No. 1 are 
included. 

AIRCRAFT S/N 703 CONFIGURATION: 

This volume establishes the instrumentation 
configuration for XV-15 Aircraft No. 2 (S/N 

703) . Transducer calibration data and PCM 

setup sheets applicable to Aircraft No. 2 are 
included. 

CFE TECHNICAL DATA: 

This volume contains manufacturer drawings 
and specifications for contractor-furnished 
transducers and related equipment. 
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SECTION 1. SYSTEM DESCRIPTION 


This section describes the installation and operation of the 
research instrumentation and data acquisition system. 

1.1 Research Instrumentation System . The XV-15 research instru- 
mentation system consists of a pallet-mounted data acquisition 
system, system controls and indicators, various sensors installed 
throughout the aircraft, an L-band telemetry system, interconnect 
cabling, connecters and junction boxes. Two independent pulse 
code modulated (PCM) data channels are provided. Each data char- 
nel has a capacity of approximately 47 channels of 100 Hz data, 
52 channels of 50 Hz data, and 32 channels cf 12 Hz data. Figure 
1-1 illustrates the research instrumentation system in block dia- 
gram form. 

1.2 CFE/GFE Interface . The data acquisition system is Govern- 
ment Furnished Equipment (GFE) and interfaces with the Contractor 
Furnished Equipment (CFE ) as shown in Figure 1-2. Functional 
interfaces are shown as vertical dashed lines with CFE on one 
side and GFE on the other. Design responsibility follows these 
same interface lines. Power available to the research instrumen- 
tation system is detailed in the notes on the diagram. The nose 
boom is identified as the only sensor which is GFE. Components 
of the GFE data acquisition subsystem are mounted on an instru- 
mentation pallet which is installed in the cabin rea of the 
fuselage. Arrangement of GFE components on the instrumentation 
pallet is shown in Figure 1-3. The CFE components other than 
sensors, controls, and indicators are mounted on an auxiliary 
instrumentation pallet installed in the aft cabin area of the 
fuselage. Arrangement of CFE components on the auxiliary instru- 
mentation pallet is shown in Figure 1-4. 

1.3 System Operation . Data from the transducers are forwarded 
to the remote multiplexer-demultiplexer units (RMDU) which pro- 
vide signal conditioning for the transducer, adjust signal gain 
to programmed value, convert analog data to digital form and en- 
code the data into a pulse code modulation (PCM) serial bit 
stream. Transducer excitation (if required) is supplied from a 
separate low voltage (±3V) power source. Two 64-channel pre- 
amplifier filters are available to condition lov level signals 
which require special filtering or amplification. An additional 
active network panel may be used to condition or process trans- 
ducer signals whose characteristics do not readily match the 
interface requirements of the RMDU. A time correlation base for 
the total system is supplied from a time code generator. A re- 
mote time code display is mounted in the center area of the in- 
strument panel. All data are recorded on a standard airborne 
magnetic tape recorder. An interface is available for inflight 
transmission of data from one RMDU via L-band telemetry. 
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1.4 Data Acquisition System . The GFE data acquisition system 
provide! signal conditioning, time base, PCM encoding, and data 
recording functions. 

1.4.1 Remote Multiplexer/Demultiplexer Unit . The remote multi- 
plexer/demultiplexer unit ( RMDU ) accepts transducer signals in 
analog or discrete digital form; conditions, normalizes, and 
multiplexes the input data; converts the analog data to a digital 
format; and outputs the data in a PCM format. Each unit can ac- 
cept up to 256 channels of data with a serial output of up to 
125,000 twelve-bit words per second. The word rate for the XV-15 
system is limited by the tape recorder bits/inch packing density. 

1.4. 1.1 Interface Cards . Interface cards are used in conjunc- 
tion with the RMDU to provide the correct signal conditioning for 
the various aircraft sensors. The RMDU is configured for a re- 
search mission by inserting the appropriate interface cards into 
any of 10 card slots. The following interface cards are used. 

a. Analog Multiplexer Card (AMX). The AMX card accepts 32 
analog input signals and multiplexes them into one sig- 
nal channel. This signal is then presented to the gain 
programmable amplifier (GPA). Analog signals from 
position potentiometers, temperature scanner, volt- 
meters and pre-sample filter cards are processed by AMX 
cards . 

b. Pre-Sample Filter Card (PSF). Each PSF card accepts 
four signal inputs from strain gage transducers, and 
filters them through 100 Hz or 50 Hz filters. The PSF 
then amplifies the signals with a gain of 256. Filter 
frequency and gain are factory adjustable. The output 
of the PSF is presented to an AMX card. 

c. Discrete Multiplexer Card (DMX). The DMX card accepts 
any three 12-bit words or 36 bits of information, and 
multiplexes this information into the PCM data stream. 
Digital inputs such as record number, control words, 
and fuel quantity are processed by DMX cards. 

d. Scannivalve Driver Card (SVD). The SVD card contains a 
programmable clock which is used to control the scanni- 
valve stepper drive. The clock is set for four pulses 
per second. The card also generates a 12-bit control 
word which is used for the scannivalve position en- 
coder. 

1.4. 1.2 Gain Programmable Amplifier (GPA) . The RMDU contains a 
programmable amplifier which provides £or eight preselected pro- 
grammable gains to amplify signal strength to ±5. 12V full scale 
(gains are 1, 2, 4, 16, 64, 128, 256, and 512). 
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1.4. 1.3 SAT-M Module . The RMDU is programmed for frame format, 
frame sync words, subframe ID word, and gain by a Stand-Alone 
Timing Module (SAT-M) which is pre-programmed on a ground based 
PROM programmer. The SAT-M provides PCM outputs of serial NRZ T 
code to a telemetering transmitter and serial Miller Code (DM-M) 
to the tape recorder. 

1.4.2 Preamplifier Filter Unit (PAF) . A preamplifier filter 
unit is used for low level signals that require extensive filter- 
ing. The unit provides for 64 channels with a gain from 128 to 
1024 (NASA cards are pre-set to a gain of 256) and a three-pole 
active low pass Butterworth filter. Two PAF units are used in 
the data acquisition subsystem. 

1.4.3 Tape Recorder . The research instrumentation recorder 
(MARS 14l4 LT-3D ) Is a wide -band, FM, 14- track analog recorder 
which takes a 14-inch reel of magnetic tape. A PCM bit stream 
from each RMDU, the time code generator output, and pilots' 
voices are recorded on separate tracks. The re aining tracks are 
used to record active network channel outputs if required. Tape 
deck track assignments are shown in Table 1-1. The tape recorder 
is the limiting item in the system due to its bit packing density 
capability as related to amount of tape available, speed of re- 
cording and length of record required for flight testing. The 
MARS 1414 LT-3D recorder is operated at 30 inches per second, a 
record rate of 46,666 words (12-bit words) per second which al- 
lows approximately one hour of full time data recording. Miller 
code is used to achieve this word rate capacity. 

1.4.4 Time Code Generator . The time code generator with inte- 
gral battery pack produces an IRIG-B output for recording on the 
tape recorder and provides both a local and remotely-mounted 
pilots' display. This unit can be synchronized with ratio sta- 
tion WWV (time standard station) and acts as the time base for 
the research instrumentation system. 

1.4.5 R-Cal Boxes . The R-Cal boxes use a relay to shunt a pre- 
cision resistor across the C-D leg of each strain gage input 
signal at the PAF boxes. Each R-Cal box has a 32-channel capa- 
bility. Five R-Cal boxes are installed on the instrumentation 
pallet. All five boxes are operated by a single push button 
switch located on the front face of the active network panel. 

1.4.6 Active Network Panel . Circuit cards are installed in the 
active network panel to provide special processing for transducer 
signals which are not compatible with the RMDU and for special 
purpose instrumentation requirements such as thermocouple signal 
conditioning. Special circuits used in tue active network panel 
are described in Section 8 and include the following functions: 
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a. Digital stick position 

b . Temperature scanner 

c. Left rotor azimuth 

d. Right rotor azimuth 

e. Data control logic 

f. Mean/peak- to-peak detector (blade beam bending) 

g. Mean/peak- to-peak detector (hub flapping) 

h. Fuel quantity 

i. Tape speed control 

1.4.7 Excitation Power Supply . A common ±3 Vdc power source is 
provided tor excitation of the research instrumentation trans- 
ducers (other than air data). The ±3 Vdc power supply is located 
in the instrumentation pallet and all 20 signal distribution 
cables are wired in parallel to this power supply. 

1.4.8 Patch Panel . The signal interface between aircraft sen- 
sors and the Government- furnished data acquisition system is at 
the patch panel installed on the aft end of the instrumentation 
pallet. The patch panel consists of a fixed housing with a re- 
movable program board. The program board has two sections, each 
32 x 40 points, for a total of 2560 points. Signal distribution 
cables are wired into the lower program board (Figure 1-5). The 
upper program board (Figure 1-6) serves as the input to the GFE 
data acquisition system. Spare program boards are provided with 
each aircraft to allow different data acquisition programs to be 
pre-wired. 

1.4.9 Telemetry System . Complete provisions for L-band teleme- 
try are installed in the aircraft for the contractor flight test 
program. The telemetry (TM) system consists of an L-band TM 
transmitter, a pre-modulation filter, TM antenna, TM track select 
switch, TM OFF-ON light, and a TM reset switch. The TM trans- 
mitter and antennas are provided by BHT for the contractor flight 
test program and will be removed from the aircraft prior to 
government acceptance of the aircraft. The PCM bit stream is 
routed from RMDU A and RMDU B to the pre-modulation filter unit. 
Pre-modulation filtering is recommended to conserve the RF spec- 
trum required for TM. Both PCM bit streams are present at the 
pre-modulation filter and either bit stream may be selected for 
telemetry by the TM select switch located on the center pedestal. 
The selected PCM bit stream (RMDU A or RMDU B) is routed to the 
TM transmitter and then to the antennas. Wiring diagrams for the 
telemetry system and pre-modulation filter are contained in Sec- 
tion 4. 

1.5 Controls and Indicators . Cockpit mounted controls and indi- 
cators for the research instrumentation and data acquisition sys- 
tem include: control monitor (pilot information panel), critical 

function monitor, rotor flapping indicator, temperature monitor, 
a time code generator control panel, and a control position 
indicator. 
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1.5.1 Control Monitor . The control monitor (Figure 1-7) is 
mounted Tn the copilot instrument panel. This instrument has 
five colored lights, three switches and a three-digit record 
number display with reset buttons. The Master Power switch is 
located on the right side of the indicator. When this switch is 
placed in the up position the green PWR ON light should illumi- 
nate signifying the system is powered. The Pull Tape switch is 
located on the left side of the indicator. When this switch is 
placed in the up position, the blue PULL TAPE light should illum- 
inate signifying the tape is being pulled in the tape deck. When 
the Prime Data button (push-button switch located on the right 
side of each power lever) is pushed, the amber PRIME DATA light 
should begin to blink. This shows that the system logic is in 
the prime data mode. When the Prime Data button is pushed again, 
the record number shown on the three-digit display is advanced by 
one digit and the PRIME DATA light will cease blinking showing 
the system is once again out of the prime data mode. Should the 
red FAULT light illuminate, it indicates a fault has occurred in 
the system. Pressing the FAULT button should clear or turn off 
the FAULT light. If the red FAULT light does not go out, data is 
considered unreliable and the system should 1 ^ shut down. Should 
the white TAPE REMAIN light illuminate, this indicates that five 
minutes of tape remain on the reel. Only a few (if any) prime 
data records should be taken before replacing tape in the tape 
recorder . 

1.5.2 Prime Data Switch . The prime data switch is a push button 
type switch located on~ the pilot's and copilot's power lever. 
When the prime data switch is pressed the control monitor PRIME 
DATA light will blink indicating that the data acquisition system 
logic is in the prime data mode. Pressure and temperature sensor 
scans are initiated by the prime data switch. The scan is ter- 
minated at the end of the prime data record or at the end of one 
complete scan cycle. When the prime data switch is pressed a 
second time the prime data record is terminated and the PRIME 
DATA light will cease blinking. The d^ta record number displayed 
on the control monitor will update at the end of each prime data 
record. 

1.5.3 TM Control Panel . The TM control panel (Figure 1-8) con- 
tains controls and indicators associated with the L-band teleme- 
try system. The control panel is installed in the center ped- 
estal and contains the following controls and indicators. 

a. TM Channel Select Switch . The TM channel select switch 
Ti a 9-position rotary control switch used to select 
the data channel to transmitted. FM data channels are 
selected by placing the switch in positions 1 through 
6. Data from either RMDU A or B may be transmitted by 
placing the switch in the "A" position. The desired 
RMDU is then selected with the RMDU select switch. A 
CAL position is also available for use in system check- 
out. 
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b. RMDU A/B Select Switch . The RMDU A/B switch is a 
two-position guarded toggle switch located on the TM 
control panel (Figure 1-8). When placed in the A 
position, the output of RMDU A is selected for inflight 
transmission of data via L-band telemetry. When the TM 
switch is placed in the B position, the output of RMDU 
B is selected for inflight data transmission. The TM 
switch does not affect the output from either RMDU to 
the tape deck. 

c. TM Reset Switch and Indicator . The TM reset switch is 
a push button type switch located on the cockpit center 
pedestal . This switch is used to reset the TM trans- 
mitter power following a power interruption or bus 
transient. TM power on is indicated by a light in- 
stalled adjacent to the TM reset switch. 

1.5.4 Critical Function Monitors . Two critical function moni- 
tors are installed in the aircraft to enable the crew to monitor 
critical research instrumentation measurements. These indicators 
(Figures 1-9 and 1-10) are located on the left side of the in- 
strument panel directlv below the control monitor. The two chan- 
nels selected for display are fore 'aft hub flapping and blade 
beam bending at blade station 52. 

1.5. 4.1 Critical Load Meter . The critical load meter (Figure 
1-9) is mounted directly below the control monitor. It is a 
meter that is driven by the data system and calibrated to display 
a given critical parameter during flight and ground runs. The 
channel chosen as the most critical channel, or the channel that 
would first detect an irregularity in the rotating system, is 
considered to be blade beam bending at Sta. 52. The face of the 
meter is marked with green and red arcs to indicate the critical 
limit of this parameter. 

1.5. 4. 2 Flapping Indicator . The flapping indicator (Figure 1- 
10) is mounted m the copilot instrument panel directly below the 
critical load meter. It is a meter driven by the data system and 
is calibrated to indicate rotor plane flapping (F/A hub spring 
motion), stop to stop. 

1.5.5 Temperature Monitor . The temperature monitor (Figure 
1-11) is mounted in the upper left side of the copilot instrument 
panel. This monitor consists of two function lights (CYCLING and 
FAULT), a four-digit readout, and channel selection switches. 

1.5. 5.1 Function Lights . When the prime data switch on the 
power lever Is pressed, the CYCLING light will illuminate and 
stay illuminated until thermocouple and pressure scanning -systems 
have scanned all available channels (i.e., the 30 channels for 
each of the three temperature scanner locations and the 48 pres- 
sure ports have each been sampled once). The CYCLING light will 
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extinguish when one cycle is complete. The duration of one com- 
plete scan cycle is 12 seconds. A new cycle can be taken by 
dressing the prime data switch once more to turn off prime data, 
then pressing it again to turn prime data back on. The tempera- 
ture monitor will cycle once for each prime data record. Should 
a malfunction occur in any of the three temperature scanner 
locations, the FAULT light will illuminate. The FAULT light can 
be extinguished only by correcting the malfunction. 

1. 5.5.2 Digital Readout . A four-digit readout displays tempera- 
ture directly in °F of the selected channel. The digital readout 
will flicker while prime data cycling is occurring. This is be- 
cause the system is reading the input thermocouples at the rote 
of four per second and the readout is displaying these inputs at 
the same rate. 

1.5. 5. 3 Channel Selection Switches . Three thumb wheel switches 
are provided on the left of the temperature monitor for channel 
selection. The first switch (left to right) selects which scan- 
ner location is being monitored. There are three scanner loca- 
tions: (1) left nacelle, (2) aft fuselage, and (3) right na- 
celle. The next two switches control the channel which the 
system is monitoring. There are 30 channels (numbered 0 through 
29) available at each scanner location. A random access feature 
permits any channel to be monitored at any time simply by dialing 
the desired scanner location and channel number. See Table l-II. 
When the prime data is started, the monitor switches back to the 
zero chanel, and completes one cycle. At the completion of prime 
data, the temperature monitor returns to the selected channel. 

1.5.6 Time Code Display Panel . The time code display panel 
(Figure 1-12) is mounted at the top of the center instrument 
panel. It consists of an ON-OFF-LAMP TEST switch, a lamp inten- 
sity control and a six-digit readout. Placing the ON-OFF switch 
in the ON position turns the display on. Placing the switch to 
the LAMP TEST position checks all the lamp segments (all segments 
illuminate showing the numeral eight). The control on the right 
regulates the intensity of the display. The two,, digits on the 
left of the display are hours, the center two digits are minutes 
and the two on the right are seconds. 

1.5.7 Control Position Indicator . The control position indica- 
tor (Figure 1-13) is mounted in the lower left side of the pilot 
instrument panel. It consists of four two-digit displays. Con- 
trol stick and pedal position are displayed in percent of full 
travel. Each display is identified by both a written title and a 
symbol. Stick positions to be measured are: 

a. F/A cyclic stick position (0% is full aft, 99% is full 
forward) 
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b. Lateral cyclic stick position (0% is full left, 99% is 
full right) 

c. Collective stick position (0% is full down, 99% is full 
up) 

d. Rudder pedal position (0% is full left and 99% is full 
right) 

1-5.8 Digital RPM Indicator . The digital rpm indicator is a 
3-place liquid crystal display (LCD) mounted on the instrument 
panel glareshield. The indicator (Figure 7-14) displays percent 
rotor rpm to the nearest tenth of one percent. When the rpm ex- 
ceeds a reading of 99.9 percent the first digit begins to flash 
indicating that the displayed reading is above 100 percent e.g. 
(“)l-2 indicates 101.2 percent RPM. This indicator is driven by 
the pilot's triple tachometer. 

1-5.9 Mast Torquemeter . Two mast torquemeters are installed on 
the top center of tKe instrumentation glareshield. The mast 
torquemeters (Figure 7-15) are driven by the data system and dis- 
play left and right mast torque from zero to 200,000 inch-pounds. 

1.6 Sensors . A variety of aircraft sensors are installed to 
measure aircraft systems performance, ~ontrol and surface posi- 
tions, loads, temperatures and other engineering data. Sensors 
are selected to provide the most direct method of measurement. 
Accessibility for maintenance and calibration checks is provided. 
Interference with other aircraft systems is minimized through use 
of lightweight transducers with compact, rigid linkages and 
mounts. Selection of sensors is restricted to those units which 
have proven reliability. Table l-III contains a generic listing 
of required aircraft sensors and their functions. Additional 
sensors may be insta? led for special test programs. Further de- 
scription of measureme.vts available and a complete listing of 
required data channels is given in Section 2. Sensor character- 
istics are given in Table 3-1 of Section 3. Vendor specification 
sheets for sensors are included in Volume IV. 

1.7 PCM Data Processing . A flow diagram of the PCM data pro- 
cessing procedure used at the BHT Ground Data Center (GDC) is 
shown in Figure 1-16 for reference. The tape generated by the 
airborne data acquisition system is brought to the GDC for pro- 
cessing. The tape is mounted on analog playback equipment in 
preparation for data reduction. The Xerox 530 computer set up 
program selects the proper track from the analog tape deck, sets 
up the PCM decom equipment, loads the data conversion program, 
starts the analog tape deck and generates the 530 PCM digital 
tape. The digital tape contains the PCM data in parallel words 
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instead of a serial bit stream. The data on the digital tape is 
reformatted and written on a second digital tape which is compa- 
tible with BHT time history and loads analysis programs. The 
formulas used for PCM calibration are contained in Appendix I and 
II. 
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TABLE 1-1. 

TAPE DECK TRACK ASSIGNMENTS 


Tape 

Deck 

Track 

Record/Reproduce 
Module Type 

Item Recorded 

NASA Program 
Board Input 
Channel 

1 

FM 

Right Engine Vibration 

5 

2 

Direct 

PCM "B" 

- 

3 

FM 

Spare 

6 

4 

Direct 

PCM "A" 

- 

5 

FM 

Right Engine Vibi. 1 

7 

6 

FM 

Left Engine Vibration 

1 

7 

FM 

Right Engine Vibration 

8 

8 

Direct 

Time Code Generator 

- 

9 

Direct 

PCM "B" 

- 

10 

FM 

Left Engine Vibration 

2 

11 

Direct 

PCM "A" 

- 

12 

FM 

Left Engine Vibration 

3 

13 

Direct 

Time Code Generator 

- 

14 

Direct 

Voice (ICS) 

4 


* 

t 
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TABLE l-II. TEMPERATURE MONITOR CHANNEL NUMBERS 

(EXAMPLE) 


Item Channel 

Code No . 


Description 

L 

R 

L 

R Lirit °F 


Engine : 


Inlet Housing 

- 

T506 

- 

309 

250 

Accessory Housing 

- 

T506 

- 

310 

350 

Axial Compressor 

- 

T506 

- 

302 

400 

Centrifugal Compressor 

<■» 

T506 

- 

303 

450 

Compressor Diffuser 


T506 

- 

304 

800 

Exhaust Diffuser 

- 

T506 

- 

301 

1200 

Ignition Unit 

- 

T5C6 

- 

305 

250 

Fuel Control 

- 

T506 

- 

312 

250 

Ignitor Solenoid Valve 

- 

T506 

- 

306 

300 

Airbleed Control 

- 

T506 

• 

314 

250 

Thermocouple Harness Air- 

frame Interface Connector 

- 

T506 

- 

315 

250 

Oil in Cooler 

T513 

T506 

114 

311 

300 

No. 2 Bearing Oil Scavenge 

T513 

T506 

117 

313 

*30 

T-7 Harness 

T513 

T506 

100 

500 


I AT at 0° 

T513 

- 

109 

• 

- 

I AT at 120° 

T513 

** 

110 

- 

- 

I AT at 210° 

T513 

- 

111 

- 

- 

N, Tach Generator 

- 

T506 

- 

317 


Ambient 

- 

T506 

- 

318 


Transmission: 

Case - Inlet 

T513 

T5U6 

104 

- 


Case - Conversion Axis 

T513 

T506 

112 

327 


Case - Swivel 

T513 

1506 

113 

328 


Case - Inlet 

T513 

T506 

115 

321 


Ambient 

T513 

T506 

- 

323 


Oil In 

T513 

T506 

124 

325 

230 

Oil Out 

T513 

T506 

125 

326 

230 

Driveshaft Hanger Bearing: 

Inboard 

T351 

T351 

209 

206 

250 

Outboard 

T351 

T351 

208 

205 

250 

Conversion Spindle 

T351 

T351 

207 

204 

250 

Center Gearbox 

- 

T351 

- 

214 

260 

OAT 

- 

T322 

m 

210 

- 

Hub Spring Bearing 

T513 

T506 

116 

316 



1-11 



TEXTRON 


301-099-022C 
8 August 1980 


Ji ic*3*i.r» y amt v if,i j*o» s lubwc! to ttit on the titir amx 


TABLE l-III . RESEARCH INSTRUMENTATION TRANSDUCERS 


AREA 

NUMBER 0* 

TRAMS:?Ds,c«IS 

i 

DESCRIPTION 

Propulsion System 


. 

Foil 

2 

Total fuel used and fuel flow rate 

Mot 

2 

Total and static pressure. 17 ports 

Inlet 

2 

Temperature. 4 1C thermocouples 

Tailpipe 

(to inlet 
transducer) 

Static pressure. 4 pom 

Turbine Section 

(to inlet 
transducer) 

Temperature, engine T7 thermocouple 

Torque 

3 

harness 

Transmission, interconnect 

Trubine 

2 

Gas producer speed (N1 ) 

Turbine 

2 

Power turbine speed (N2) 

Engine vibration 

6 

Fore and aft. vertical, lateral 

Pylon temperatures 

(to inlet 

Transmission case and oil. engine oil 

Engine fuel control 

transducer) 

2 

(15 thermocouples, each engine) 
Fuel control lever position (N1) 

Airframe Loads 



Right wing 

2 

Upper and lower penal, bending 

Right wing 

11 

Beam and chord bending, torque and shear 

Right horizontal stabilizer 

2 

Beam bending, upper and lower skin 

Right horizontal stabilizer 

6 

Beam and chord banding, and torque 

Right vertical stabilizer 

6 

Bearr. and chord bending, and torque 

Right pylon conversion 

2 

Beam and chord bending 

spindl 



Right conversion actuator 

1 

Axial load 

Flaps 

4 

Torque and beam bending 

Flaperon 

4 

Control arm force and beam bending 

Elevator 

4 

Torque and beam bending 

Rudder 

4 

Torque and beam bending 

Pilot Flight Controls. Loads 



Cyclic stick 

2 

Fore and aft. and lateral force 

Power lever 

1 

Force 

Rudder pedals 

2 

Force 

Landing Gears. Vain. Loads 



Trunnion arm 

2 

Vortical bending 

Oleo strut 

4 

c ore and ait. and lateral bending 

Drag strut 

2 

Axial force 

Nose Gear. Loads 



Trunnion 

2 

Vertical bending 

Oleo 

2 

Fore and aft. and lateral bending 

Drag strut 

1 

Axial force 


301900-30 
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AREA 

NUMBER OF 
TRANSDUCERS 

DESCRIPTION 

Rotors and Controls. Loads 



Bladss 

IB 

Beam and chord bend mg and torque 
(R&L). stress 

Hub spindle 

4 

Bean, and chord bending 

Masts 

• 

Bending (2 directions) and torque 

Pitch link 

6 

Axial force on all knks 

Swash plat* 

2 

Drive force 

Control Boost Actuators. Loads 



Cyclic. F/A 

2 

Axial force 

Cyclic. Lateral 

2 

Axial force 

Collactiva 

2 

Axial force 

Airframe. Position 



Control surfaces 

8 

Position measurements 

Man landing gear 

4 

Position measurements 

Nose landing gear 

3 

Position measurements 

Horizontal stabilizer 

1 

Position measurements 

Pilot Controls. Position 



Cockpit control 

7 

Position measurement* 

SCAS system 

3 

Position measurements 

Rotor Position 



Hub spring motion 

4 

Position measurements 

Gimbal trunnion flapping 

2 

Position measurements 

Blade feathering (single) 

2 

Position measurements 

Collective motion 

2 

Position measurements 

Swashpiate motion 

4 

P * ut ion measurements 

Conversion motion 

2 

non measurements 

Rotor azimuth 

2 

i ptr rtv 

Rotor azimuth 

2 

612 per rev 

Aircraft State Measurements 



Airspeed 

1 

Pitot port, from nose boom 

Altitude 

1 

Static port, from nose boom 


1 

Radar altimeter 

Outside a>r temperature 

1 

Temperature probe 

Relative wind angles 

1 

Angle of attack, from nose boom 


1 

Angle of sideslip, from nose boom. 

Aircraft attitude 

3 

Pitch, roll, and yaw 

Aircraft angular rates 

3 

Pitch, roll, and yaw 

Vertical acceleration 

1 

Aircraft e g 
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AREA 

NUMBER OF 
TRANSDUCERS 

DESCRIPTION 

Aircraft System Monitors 



Hydraulic system 

3 

Pressure 

Electrical system 

4 

dc voltage and current 

fuel system 

2 

Quantity 

Temperature, wrng fuselage 

2 

Thermocouples A R to temp scanner 

Oil. engine 

2 

Pressure 

Od. transmission 

** 

A 

Pressure 

Aircraft Accelerations 



Aircraft center of gravity 

3 

Fore end eft. laterel and vertical 

Pylons 

6 

Fore end aft. laterel end vertical 

Cockpit 

4 

lateral and vertical 

Test Equipment 



Exciter mechanism 

4 

Exciter mechanism positions and 
loads as applicable 

Total 

218 
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Figure 1-6. Upper program board — NASA data 
acquisition system interface. 
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Figure 1-7. Control-monitor. 
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Figure 1-8. Telemetry control panel. 
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NOTE 

Control Positions an as follows: 

F/A Cyclic Stick - 0% Full Aft. 100% Full Fwd 
Lateral Stick - 0% Full Loft. 100% Full Right 
Collective Stick — 0% Full Down. 100% Full Up 
Rudder Pedal — 0% Full Left. 100% Full Right 
100 %- 00 


Figure 1-13. Control position indicator. 
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Figure 1-15. Mast torquemeter . 
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Figure 1-16. PCM data processing at the BHT ground data center. 
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SECTION 2 . MEASUREMENTS 


This section describes the measurement capabilities of the re- 
search instrumentation system. Sensor characteristics and in- 
stallation are also discussed. 

2.1 Propulsion System Measurements . Propulsion system measure- 
ments are centered around engine monitoring and performance data 
?s recommended by the engine manufacturer. Transmission and in- 
terconnect system operating parameters are also included in this 
measurement classification. Propulsion system measurements are 
defined in Table 2-1. 

2.1.1 Fuel Systems . Flow rate and total fuel consumed are meas- 
ured for each engine by a turbine- type mass fuel flow system 
manufactured by Eldec Corporation. Tnis system has buffered out- 
puts separating the cockpit indicator from the research instru- 
mentation system. The turbine-type fuel flow transducer fur- 
nishes a pulsed signal output to the fuel flow signal conditioner 
which produces a voltage output proportional to flow rate and 
generates a 12-bit binary word for total fuel consumed. 

2.1.2 Torque Measurements . Engine torque measurements are pro- 
vided by a Lycoming torque sensor system which is incorporated in 
the LTC1K engine. This system measures engine shaft torque by 
sensing the magnetostrictive effect of a ferromagnetic material. 
Transmission interconnect shaft torque measurements are provided 
by a Simmonds precision torque system. This system uses a three- 
gear phase displacement technique to measure shaft deflection as 
a function of applied torque. The data signal is available at 
the system signal conditioner as a high level dc signal voltage. 

2.1.3 Turbine Speed Measurements . Standard tachometer genera- 
tors are mounted on existTng engine pads for measuring Nj and Njj 

speed. These two pole units produce a sinewave whose frequency 
tracks some fixed multiple of turbine rpm. This frequency is 
approximately 70 Hz at rated rpm. The rpm signal is routed 
through standard signal cables to Anadex Model PI -355 frequency 
to dc converters located in the cabin area. Data is transferred 
approximately 10 times per second to fully define rpm transients. 

2.1.4 Engine Vibration Measurements . The transducers used for 
engine vibration measurements are ENDEVCO Model 2271A piezo-elec- 
tric accelerometers. The transducer signal output is processed 
by a dual output charge amplifier, ENDEVO Model 2647M77. The two 
output signals from the special charge amplifier consist of an 
unbiased ac output voltage and a rectified and filtered dc leveL 
output. The ac signal output is connected to the tape recorder 
where it is recorded on an FM track for broad band data. The 
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rectified dc level output which represents the average accelera- 
tion level is processed by the PCM data acquisition system and 
recorded as a PCM data channel. 

2.1.5 Pylon and Engine Temperature Measurements . A low level 
temperature scanning switch (30 points/switch) will be used in 
each pylon. This unit provides reference junctions for 26 IC- 
type and 4 CA-type thermocouples. Fluid temperatures are meas- 
ured by inserting a thermocouple into a fluid line through a 
packing gland. Case temperatures are measured by thermocouples 
which are silver soldered to a slotted washer placed under a con- 
venient bolt head or nut. Compartment air temperatures are meas- 
ured by an exposed silver solder thermocouple junction. 

2. 1.5.1 Temperature Scanning System . The temperature scanning 
system can be used as an instrument to monitor any relevant tem- 
peratures on a one at a time basis, or it can be used to scan 
through all thermocouples at a rate of 4 thermocouples per sec- 
ond. It cannot, however, be used to scan and monitor at the same 
time. 

When prime data is not selected, the copilot can dial in the num- 
ber corresponding to any one thermocouple and monitor its temper- 
ature on the temperature monitor (Figure 1-10). Numbers 100-129 
correspond to thermocouples in the left pylon, numbers 200-229 
correspond to thermocouples in the fuselage, and numbers 300-329 
correspond to thermocouples in the right pylon. All other chan- 
nels are inoperative. 

Channels 100, 101, 102, 103, 200, 201, 202, 203, 300, 301, 302, 
and 303 are designed for CR-AL wire. All others are for I-CN 
wire . 

When prime data is selected, the system automatically begins to 
scan. The scan begins with channels: 100 (left pylon), 200 
(fuselage) and 300 (right pylon) and is synchronized with the 
pressure scanning system. Scanning continues until prime data is 
terminated or one cycle is completed. Each remote switching unit 
dumps its data into a separate data channel; therefore, only 30 
scanning periods are required to record a complete set of temper- 
ature data. 

The temperature monitor also contains two warning lights . One 
light is labeled FAULT. It indicates that either the temperature 
reference junctions are not at the proper temperature, or there 
is an electrical fault in the system. The other light is labeled 
CYCLING. The light comes on when prime data is selected and goes 
off when a complete set of temperature and pressure data has been 
recorded or prime data is terminated. 


2-2 



Bed Helicopter 


TEXTRON 


w'ii> Of OiWiCM.rf ol dlla on IhiS (MUf ii SutliKt tc tn» restrulion or thf tilif p*)* 


301-099-022C 
8 August 1980 


2. 1.5. 2 Engine Exhaust Temperatur e Measurements . Engine exhaust 
measurements are made at the engi*. turbine inlet using a Lycom- 
ing T7 thermocouple harness. This arrangement is necessary since 
the LTC1K-4K engine does not have provisions for additional tem- 
perature probe ports in the turbine discharge case. The average 
of the 4 IC thermocouples in the T7 harness are routed to the 
temperature scanner. 

2.1.6 Pylon and Engine Pressure Measurements . A pressure scan- 
ning system Is installed in the left nacelle to provide left 
engine inlet pressure, left engine exhaust gas pressure, and left 
engine compartment pressures. Additional transducers are in- 
stalled to provide high frequency engine inlet pressure data at 
the 160 and 320 degree bellmouth positions on the left engine. 
Transmission compartment and nacelle static pressures are pro- 
vided for the left pylon by separate pressure transducers. 

2. 1.6.1 Pressure Scanning System . The pressure scanning system 
consists of scanni valve control box, pressure ports, scannivalve 
and integral pressure transducer. The scannivalve is a solenoid 
driven rotary pressure switch capable of switching up to 48 pres- 
sure ports to the diaphragm of the integral pressure transducer. 
The pressure transducer is a 1/2-inch flush diaphragm unbonded 
strain gage unit with a ±2.5 psi range. This unit (Statharo 
PM131) is temperature compensated between -65° and +250°F and 
provides ±4mV/Vex full scale output. The transducer may be re- 
moved from the scannivalve if range changes are required. The 
scannivalve provides position encoding for port identification 
and is furnished with a solid state driver for logic level drive 
compatibility. Physically, the scannivalve is a cylinder 1.98- 
inches in diameter and is 6.63-inches long. Weight is approxi- 
mately 1.75 pounds. The transducer connections and pressure in- 
put ports, including reference port, are accessible at one end. 
Stepper connections and encoder are at the other end. The unit 
is mounted in the aircraft left-hand nacelle adjacent to access 
panels. The selected scannivalve is a Model 48 J9 which requires 
no lubrication and is specifically designed for flight testing. 
When PRIME DATA is selected, the system automatically begins to 
scan at a rate of 4 pressure ports per second. The scan begins 
at the HOME position and continues to cycle until it returns to 
the HOME position (one complete cycle). This cycle is repeated 
during each PRIME DATA record. 

2. 1.6. 2 Engine Inlet Pressure Measurements . The left engine in- 
let bellmouth is fitted with an inlet rake consisting of pressure 
probe arrays in nine azimuth positions (see Figure 2-1). The low 
pressure and static probes are connected through strip tubing to 
a scannivalve mounted ahead of the engine inlet. The two high 
frequency probes at the 160 ",nd 320 degree positions are -connec-' 
ted to separate transducers. The inlet rake is fabricated at BHT 
from 1/16-inch diameter stainless steel tubing. Inlet rake data 
provides average inlet pressure measurements and indicates inlet 
distortion patterns. 
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2. 1.6. 3 Engine Exhaust Measurements . Engine exhaust gas pres- 
sure measurements are made at the tail pipe. This arrangement is 
necessary since the LTC1K-4K engine does not have provisions for 
pressure ports in the turbine discharge case. The BHT stainless 
steel tail pipe is fitted with four static pressure ports at the 
locations shown in Figure 2-2. These ports are routed through 
the firewall with stainless steel tubing to the scanni valve. 

2.2 Load Measurements . Strain gages bonded directly to aircraft 
structure are utilized to measure loads. Gages are placed at 
locations that will provide high output and linear calibrations. 
Most gages are foil type configured in a four-active-arm 350 ohm 
bridge circuit. This circuit provides benefits of self-compensa- 
tion for both temperature and certain types of cross talk. Gages 
are applied under controlled conditions w^th BR600 cement. Indi- 
vidual gages are connected into bridges with gage epoxy insu- 
lated wire and Budd-type foil terminal strips. Parts are then 
oven baked (150°F) to drive out moisture and covered with Shell 

956.3 epoxy for protective covering. Testino is performed on the 
bridge to determine natural balance and resistance to ground. 
Temperature compensation is performed as required and is effec- 
tive only when it may be assumed that each gage in a bridge is at 
the same temperature such as on control rods up to 1.5-inch di- 
ameter and other small parts . Large parts such as main rotor 
blades and control surfaces cannot be compensated other than with 
the inherent compensation of a four-active-arm bridge. 

Calibration is performed by application of load and measurement 
of gage output. These parts with multiple gages (wing, blades) 
are loaded in beam, chord, and torque. All gages are observed 
and cross talk is noted. If cross talk is greater than 5 percent 
of full scale, then regaging is generally required after recon- 
sidering gage location. Strain gage calibrations are performed 
with standard load cells in series with hydraulic cylinders and a 
scanning digital millivoltmeter . Large ^arts will be calibrated 
on the aircraft. Tubes, links, and small parts are calibrated in 
fixtures. Calibration loads cover the full operating range ex- 
pected of the part. Section 7 further describes calibration pro- 
cedures and requirements. 

Selected strain gage locations have redundant bridges installed 
with terminals in accessible areas. These terminals are the sol- 
der post type and become the interface between sensor and the 
data system. All calibration data are measured at these termi- 
nals . 

2.2.1 Airframe Loads . Airframe load measurements are shown in 
Table 2-1 I and require a 50 Hz response with the exception of the 
wing which require a 10 per rev (100 Hz) response. All airframe 
load sensors are calibrated on the aircraft with the exception of 
those on the control tubes, support strut, conversion spindle, 
and actuator. Airframe co-ordinates used to define gage location 
are shown on Figure 3-3. 
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2. 2. 1.1 Right Wing . Upper and lower wing panel stress at the 
wing center section are measured with a single gage on each side 
of the panel at BL 0. Wing shear is measured at two stations (WS 
66 and WS 142) with single gages at the front and rear spars. 
Right wing beam and chord bending are measured at WS 22. Right 
wing torque is measured at WS 22 with gages on the upper and 
lower wing panel surfaces fixed on diagonal axes at WS 22 . 

2. 2. 1.2 Left Wing (Aircraft No. 1 Only) . Left wing beam and 
chord bending are measured at WS 22. Left wing torque is meas- 
ured at WS 22 with gages on upper and lower wing panel surfaces 
fixed on diagonal axes. 

2. 2. 1.3 Right Horizontal Stabilizer . Strain gage bridges are 
installed t r - measure beam bending moment at two locations (BL 8 
and 65). Chord bending moment and torque are measured at one 
location (BL 8). 

2. 2. 1.4 Right Vertical Stabilizer . Strain gage bridges are in- 
stalled to measure beam bending moment on the upper portion of 
the vertical stabilizer at WL 110 and WL 114. 

2. 2. 1.5 Pylon . The right and left conversion spindles are gaged 
at the root for bending in both planes. These planes rotate with 
the pylon during conversion. The right and left conversion ac- 
tuator shaft trunnions are gaged for beam bending and are cali- 
brated to measure conversion actuator axial force. The lower 
cowl inboard and outboard support struts on the left and right 
nacelles are gaged f^t axial load. 

2. 2. 1.6 Control Surfaces . The various control arms or tubes are 
gaged with bridges measuring input force to the control surfaces. 
All are temperature compensated. The flap torque tubes are gaged 
for torque. The bending gages on the various surfaces are lo- 
cated approximately midway between hinge points. The horizontal 
stabilizer incidence actuator has been replaced by a fixed link 
which is gaged for axial force. If at a later date the actuator 
is installed, it will be gaged for axial force at the end connec- 
ted to the stabilizer. 

2. 2. 1.7 Flight Controls . The pilot's control sticks and pedals 
are gaged with temperature compensated bridges to measure pilot 
effort in pounds of force at the center of the grip or pedal. 
These gages will accommodate maximum pilot effort. 

2. 2. 1.8 Landing Gear . The three gear assemblies are gaged to 
measure oleo strut lateral bending. Each drag strut is gaged for 
axial force. 

2.2.2 Rotor Loads. Rotor load measurements are shown in Table 
2-1 II. The measurements from the rotating control system pass 
through slip rings to make the transition to the fixed control 
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system. The slip rings mount above the collective cross head and 
provide 84 circuits. The limitations on the number of circuits 
is based on the number of wires that can be routed through the 
center of the collective actuator boost tube. The core, or ring 
portion, is fixed and the brushes rotate with the rotor. Two 
contacts per circuit of silver-graphite material ride on coin 
silver rings. The contacts are replaceable and are designed to 
wear much faster than the rings. Design brush speed and wear 
rates show brushes should be inspected and cleaned every 50 
hours. Signal shields are not carried through the slip rings to 
allow room for 36 signal pairs, 4 redundant voltage pairs, and 2 
voltage sense pairs. This slip ring installation is accessible 
by removing the spinner for ease of maintenance and trouble- 
shooting. 

All wiring in the rotating systems used highly flexible fatigue- 
resistant wire. Disconnects are furnished to allow teardown of 
pylons . 

2. 2. 2.1 Rotor Blades . The red blade on each pylon is gaged at 
four stations! Each station measures beam and chord bending (ex- 
cept Station 22.5 which will have only a beam bridge). In addi- 
tion, Station 52.5 and 112 measure torque. Blade bridges are 
wired together at Budd terminals at each station. Four enameled 
wires per bridge are then routed down the trailing edge under an 
epoxy coating to terminal posts close to the root end of the 
blade. The hub and blades are calibrated in a fixture as a unit 
and complete cross talk data are recorded. 

2. 2. 2. 2 Rotor Hub . Both hubs are strain gaged for beam and 
chord bending on each of the three spindles. Enameled wire con- 
nects the gages to accessible terminal posts. Each mast is gaged 
to measure bending in two planes and torque. Parallel bending is 
in line with the red blade and perpendicular bending is in quad- 
rature with the red blade. Mast torque is measured by gages in a 
clean area of the mast close to the upper mast cage bearing. 
Redundant gages are installed on both masts. All gages are tem- 
perature compensated. Since the gages are out of sight under the 
hub spring assembly, fine super-flex wire is used to route the 
signals up the mast through the .;pline master tooth at the hub 
attachment to the mast. Cross talk data is provided. Tolerances 
are approximately halved for the torque bridges in order to main- 
tain required accuracy for performance data. 

2. 2. 2. 3 Pitch Change Links . All three links in each rotor are 
gaged for axial force. These links are temperature compensated 
and calibrated in a test machine. 

2. 2. 2. 4 Swashplate . The links driving the swashplate of both 
rotors are gaged to measure driving force in pounds. 


2-6 


■ell Helicopter 


TEXTRON 


Cir o r 'isJo. re ni Jala in Ifni paue suf'iM lo the restriction or' tne ’•II*' pao? 


301-099-022C 
8 August 1980 


2. 2. 2. 5 Control Boost Actuators . Three actuators are gaged with 
redundant bridges for each pylon. Gages measure axial force on 
the actuator output shaft. Each bridge is temperature compen- 
sated. 

2.3 Position Measurements . Table 2-IV lists the position meas- 
urements and gives the individual transducers selected for the 
most direct method of measurement, for accuracy with environmen- 
tal variations, for elimination of hysteresis, and for minimum 
weight and lack of mechanical interference. Linear cermet ele- 
ment potentiometers are used for position transducers because of 
increased life and reliability. The elements provide 10K ohm 
resistance in order to limit current drain and line voltage drop 
from the power supply. The standard transducer harness is used 
up to the potentiometer. The potentiometer is used as a voltage 
divider in the circuit and utilizes a high impedance signal con- 
ditioner in order to prevent loading of the source. Mechanical 
advantage is used in the form o € levers, cable and pulleys, and 
low backlash nylon and aluminum gears in order to transform small 
mechanical motion into linear potentiometer travel equivalent to 
60 percent to 90 percent of allowable electrical travel of the 
potentiometer . 

Calibration of the position transducer potentiometers is accom- 
plished after installation on the test vehicle. The calibration 
is done by measuring applicable surface motion relative to the 
transducer electrical output. The calibration accuracy must be 
within ±1 percent of full scale. Hysteresis and linearity are 
similarly limited and checked during calibration. Full mechani- 
cal travel is noted along with the current mechanical rigging of 
the control surface. These full throw points become points of 
reference until mechanical rigging is changed. 

2.3.1 Airframe . 

2. 3. 1.1 Flaps and Flaperons . The measurement of flap and flap- 
eron positions is by direct drive with a hinge-mounted bellows 
type alignment coupling to a rotory pot. Control surface motion 
is 20 degrees up and 75 degrees down for flaps and 36 degrees up 
and 61 degrees down for flaperons. Calibrations and data are 
presented in units of degrees . 

2. 3. 1.2 Elevator . The measurement of elevator position is made 
at the elevator coupled to the contol shaft. Calibrations and 
data are presented in units of degrees. 

2. 3. 1.3 Rudder . Position of both rudders is measured using a 
linear potentiometer coupled to the rudder actuator shaft. Cali- 
brations and data are presented in units of degrees. - • 

2. 3. 1.4 Main Landing Gear . Spring-loaded cable-controlled ro- 
tary potentiometers are used to measure the relatively large 
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motion of both actuators and both oleo extensions. The actuator 
displacements are calibrated in units of degrees and the oleo 
extensions in units of inches . 

2. 3. 1.5 Nose Landing Gear . Two spring-loaaed cable-controlled 
rotary potentiometers are used to measure and retraction motion 
between the airframe and the nose landing gear actuator and oleo 
extension. The oleo extension position is calibrate ' in uni .s of 
inches displacement while actuator position is in units c.' de- 
grees . 

2. 3. 1.6 Ailerons. The measurement of aileron position is made 
by monitoring displacement of the left and right hand flaperon 
actuators. A linear potentiometer is used to sense actuator 
position and is calibrated in degrees of aileron displacement. 

2.3.2 Pilot Controls . Primary flight controls are instrumented 
to measure pilot control position. 

2. 3. 2.1 Control Stick (Cyclic Stick) . Rotary potentiometers are 
used in close proximity to the stick to sene 2 position. Fore and 
aft as well as lateral motion is sensed and calibrated in percent 
of full travel from full aft (0%) and full left (0%) positions. 

2. 3. 2. 2 Power Lever (Collective Stick) . A linear potentiometer 
is connected to the power lever and calibrated in percent of full 
travel from the full down (0%) position. 

2. 3. 2. 3 Rudder Pedals . A rotary potentiometer is connected 
between the rudder pedals to sense position. The motion is cali- 
brated in percent of full left and right travel from neutial 
position (0%) 

2. 3. 2. 4 Throttle (Fuel Control Lever) . The throttle position is 
measured by using a rotary potentiometer at the gas producer fuel 
control lever on each engine. The positions are calibrated in 
units of degrees. 

2. 3. 2. 5 Flap Controls . A voltage divider circuit is installed 
to measure the flap lever inputs from the pilot The lever input 
is calibrated in units of degrees. 

2. 3. 2. 6 SCAS System . The stability and control augmentation 
system inputs are measured by installing linear potentiometers on 
the fore and aft SCAS actuator, on the lateral SCAS actuator, and 
on the directional SCAS actuator. Each of these actuators is 
calibrated in units of inches displacement. 

2. 3. 2. 7 Differential Cyclic Washout Actuator . The electro- 
mechanical differential cyclic washout actuator has a linear 
potentiometer installed across the actuator which is used to 
measure actuator position. The potentiometer is calibrated m 
inches . 
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2.3.3 Rotor Positions . 

2. 3. 3.1 Hud Spring Motion . Spring-loaded pull-string potentio- 
meters are installed to measure the hub spri. ~ position relative 
to the pylon in the fore and aft as well as lateral planes. 
These measurements are made on both hubs. Calibrations are in 
units of degrees. 

2. 3. 3. 2 Gimbal Tr u nnion Flapping . The gimbal trunnion flapping 
position is measured at each hub. This measurement is made using 
gear-driven rotary potent- ome ter s between the hub and mast. 
Calibrations are in units of degrees. 

2. 3. 3. 3 Red Blade Feathering . Red blade feathering position is 
measured on each rotor. This measurement is made using gears to 
drive a rotary potentiometer locat'd on the collective lever 
(walking beam). Calibration is in units of degrees. 

2. 3. 3. 4 Collective Motion . The collective input at the hub is 
measured using linear potentiometers at the collective slider on 
both the left and right rotors. Calibration units are in degrees 
of blade angle. 

2. 3. 3. 5 Swashplat e Motion . Linear potentiometers are installed 
to measure swasholate motion in the fore and aft as well as lat- 
eral planes. Both left and right hand swashplates are measured. 
Calibration units are in degrees of angular motion. 

2. 3. 3. 6 Conversion Angle . Synchro transmitters are 1 inked to 
the transmission conversion spindle to measure the pylon angle 
during conversion. Svnchrc-to-dc converters are installed to 
provide the desired input to the data acquisition system. Both 
right and left pylons are measured at the axis of rotation at the 
wingtip. Calibrations are in units of degrees. 

2. 3. 3. 7 Rotor Arimuth . A light- interrup oed photo cell is used 
to determine the position of the rotor within 1/512 of a revolu- 
tion. Another photo cell provides one output per revolution in 
order to index the higher pulse rate to the red blade. 

2-4 Miscellaneous Measurements . Three categories are covered 
under this heading: aircraft state measurements, system moni- 
tors, and accelerations. These measurements are given in Table 
2-V. 


2.4.1 Aircraft State Measurements . These measurements relate to 
the rigid-body response of the ai-craft with respect to the out- 
side world. This group of variables provides essential perform- 
ance and handling qualities data ar.J therefore must be measured: 
with high accuracy. System calibrations are performed on the 
aircraft with the exception of the rate gyros. 
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2. 4. 1.1 Airspeed . Pitot and static pressure ports are located 
in the GFE nose boom data head. Pitot and static pressure lines 
are routed from the nose boom to a Rosemount differential pres- 
sure transducer (Type 542K) whose range is 0 to 5 psid or 350 
knots full scale. This transducer has excellent specifications 
for helicopter environment and is a capacitive-sensed, tempera- 
ture-compensated diaphragm unit. Excitation is 28 ± 4 volts dc 
and output is 0 to 7 volts dc. Linearity is ±0.1 percent full 
scale, hysteresis is ±0.02 percent full scale. Temperature vari- 
ations are less than ±1 percent full scale from 25° to 125°F, 
referenced to 75°F. The pilot's airspeed indicator is connected 
to the nose boom data system. The copilot's airspeed indicator 
is connected to the aircraft's pitot-static system. 

2. 4. 1.2 Altitude. Altitude is recorded from the same transducer 
as airspeed. The Rosemount transducer (Type 542K) measures ab- 
solute pressure from 0 to 10 psia. Output voltage is propor- 
tional to nose boom static pressure, 0 to 8.2 volts for -1,000 to 
40,000 feet of altitude. Radar altitude will be furnished oy the 
recorder output of the radar altimeter electronics. 

2. 4. 1.3 Outside Air Temperature . A Rosemount total (ram free) 
temperature probe in conjunction with Rosemount linearizing elec- 
tronics provides air temperature data as a high level (0-5 volts 
dc) signal. The OAT sensor is mounted under the nose of the air- 
craft. 

2. 4. 1.4 Relative wind Angle . Angle of attack and angle of side- 
slip is furnished by the GFE data head on the nose boom. A dual 
element potentiometer furnishes one signal to the data system and 
one signal to a cockpit display. 

2. 4. 1.5 Aircraft Attitude . Pitch, roll, and yaw angles are 
measured with Humphrey modified M.H. 7044 vertical gyros located 
on the auxiliary instrumentation pallet. Pitch and roll angles 
are measured by one gyro. Yaw angles are measured by another 
identical gyro which is mounted on its end. These gyros have 
erection motors and can be caged. 

2. 4. 1.6 Aircraft Angular Rates . A three-axis packaged rate gyro 
located on the auxiliary instrumentation pallet provides angular 
rate data. The gyro js powered with 28 ± 4 volts dc and provides 
±5.4 volts dc outputs for ±70 degrees pe second input rates. 
This unit is calibrated on a standard rate trnle and incorporates 
a self-test torque device. 

2 .4 .1 . 7 Vertical Acceleration . A servo force balance accelero- 
meter (Kistler Model 303) measures mean acceleration at the air- 
craft center of gravity. A filter network is incorporated in the 
servo feedback loop to restrain the sensing mass from high fre- 
quency effects. The cutoff frequency for this unit is 5 Hz. 
This unit provides ±5 volts dc output for ±2.5g input and is 
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powered by 28 ± 10 percent volts dc. A self-test torque coil is 
provided. 

2.4.2 Aircraft System Monitors . The primary aircraft systems 
that are monitored are the hydraulic system, the electrical sys- 
tem, and the fuel system. Critical structural temperature meas- 
urements are also monitored. 

2. 4. 2.1 Hydraulic System . Three Statham Model PL722TC, 0-5000 
psi, general purpose unidirectional pressure transducers are in- 
stalled, one in each system. These transducers utilize a dia- 
phragm attached to a 350 ohm resistive unbonded strain gage 
bridge arranged into a four-active-element configuration. Full- 
scale output is 5 mv/V. Hysteresis and linearity are ±0.75 per- 
cent full scale. Thermal shift is 0.01 percent full scale per 
degree F and zero shift is 0.01 percent full scale per degree F. 
The units are temperature-compensated from -65° to +250°F. Na- 
tural frequency is 50 KHz. Response to acceleration is 0.01 
percent full scale per g. The transducers are installed close to 
the pressure source and are calibrated with a dead-weight tester. 

2. 4. 2. 2 Electrical System . A calibrated shunt is installed into 
both the left-hand and right-hand direct current electrical sys- 
tems between the source and the distribution buses. At the 
shunt, voltage is monitored by use of a voltage divider. Current 
is related to the voltage drop produced by the shunt and simi- 
larly measured as a voltage. The circuits for recording these 
data are calibrated on the aircraft. These signals are checked 
using a calibrated digital voltmeter at the point of introduction 
into the instrumentation system. 

2. 4. 2. 3 Fuel System . Fuel quanitty measurements are provided 
for right and left fuel tanks. Fuel quantity data is taken from 
the Simmonds capacitance-type fuel quantity measuring system con- 
sisting of a signal conditioner and fuel tank probe assembly. 
(Fuel flow and total fuel consumed measurements are described in 
2 . 1 . 1 . ) 

2. 4. 2. 4 Temperature . Three 30-point temperature scanners (ref- 
erence 2. 1.5.1 for description of thermocouple scanning system) 
are installed to monitor critical structural temperatures. One 
will be located in the left nacelle, one in the right nacelle, 
and one in the fuselage. 

2. 4. 2. 5 Oil Pressure . Four Statham Model PL722TC, 0-150 psi, 
general purpose unidirectional pressure transducers are installed 
one on each engine and one on each transmission. These trans- 
ducers utilize a diaphragm attached to a 350-ohm resistive un- 
bonded strain gage bridge arranged into a four-active-element 
configuration. Full-scale output is 5 mv/V. Hysteresis and 
linearity are ±0.75 percent full scale. Thermal shift is 0.01 
percent full scale per degree F and zero shift is 0.01 percent 
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full scale per degree F. The units are temperature compensated 
from -65° to +250°F. Natural frequency is 50 KHz . Response to 
acceleration is 0.01 percent full scale per g. The transducers 
are installed close to the pressure source and are calibrated 
with a dead weight tester. 

2.4.3 Aircraft Accelerations . Statham Model Ab9TC linear accel- 
erometers are used to measure acceleration. These accelerometers 
employ viscous liquid to achieve 0.7 of critical damping at room 
temperature. They are temperature compensated between -65° and 
+250°F, limiting the thermal sensitivity shift to below 0.01 per- 
cent per degree F and the thermal zero shift to 0.01 percent full 
scale per degree F. Full scale output is approximately four mv/V 
from the four-active-arm unbonded 350-chm strain gage element. 
Lmearlity and hysteresis are 0.75 percent of full scale and 
transverse acceleration response is 0.01 g/g. Flat frequency 
response is 260 Hz. The weight per unit is three ounces. This 
small size was selected so very little change in specimen dynamic 
characteristics would be encountered when the units are in- 
stalled. Units are calibrated on a electromagnetic shaker with a 
standard accelerometer for reference. Upon installation, all 
units are bolted tightly in place to ensure sensing only airframe 
acceleration. 

2.4.3 1 Aircraft Center of Gravity . A cluster of .ree accel- 
erometers mounted tri axially are installed- The cluster is 
located in close proximity to airframe BL 0 and STA 212 on the 
deck and aligned for lateral, vertical, and fore and aft measure- 
ments. The Statham Model A69TC, ±5g accelerometers are installed 
and calibrated in units of g. 

2. 4. 3. 2 Pylons . Each pylon has a triaxial cluster of three 
Statham A69TC, ±10g accelerometers installed to the pylon struc- 
ture. Each cluster is aligned for fore and aft, lateral, and 
vertical acceleration measurements. The units are calibrated in 
units of g. 

2.4.4 Sensor Excitation Voltage . Sensor excitation voltage is 
monitored at each of the 20 junction boxes. 

2.5 Airspeed Boom and Trailing Cone Installation . A nose boom 
is fabricated of two-inch 0 D. , 1/8-wali aluminum tube extending 
four feet two inches ahead of the aircraft nose to adapt to a GFE 
head containing pitot, static, angle-of-attack, and angle-of- 
sideslip detectors. Necessary plumbing and electrical harnesses 
are installed. 

An adapter is provided at the aft fuselage and similarly wired 
and plumbed for a GFE trailing cone. 

2.6 Measurement Item Codes . Each sensor requirement is assigned 
an item code consisting of an alpha prefix wmch designates the 
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measurement type followed by a three-digit number. The three- 
digit numbers are assigned sequentially from designated blocks 
representing sensor location. Table 2-VI defines the alpha meas- 
urement types and the number assignments used in the item code. 
Table 2-VI I lists item codes in numerical order. Open item codes 
are included for future use. 
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Bell Helicopter 


TEXTRON 


v'«* t •isciO' r*- *4tj 'n 0 * 1 ? si>0|Vtt tc tr»e f^1nc!»nr in l t> t p*Qf 

TABLE 2-VI. ITEM CODE DEFINITIONS 


301-099-022C 
8 August 1980 


Measurements Types 
A - Acceleration, Linear or Angular 
B - Bending , Moment 

D - Position, Linear or Angular, Displacement 
E - Electrical, Voltage, Current, Power, Etc. 
F - Force, Axial 
L - Miscellaneous 
M - Moment, Torque 
P - Pressure 

R - Rate, Flow, RPM, Rotor Blip, Etc. 

S - Stress 
T - Temperature 

V - Velocity, Linear or Angular 
X - Event, Firing Mark, Pod Release, Etc. 

Number Assignments 
1-49 Standard Items 
50-199 Pylon and Rotating 
200-299 Empennage 

300-499 Fuselage (Nose-Cabin-Cockpit) 
500-599 Engine 
600-699 Wing 
700-999 Miscellaneous 
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ORIGINAL PAGE IS 
OF POOR QUALITY 

301-O99-022C 


lion on *r>f lilic paoe 
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. (SHEET 2 OF 40) 
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■•II Helicopter 


TEXTRON 


- . s y *>■■■ . '•(, 


ORIGINAL 

OF POOR QUALITY 


Usr or disclosure o' data in this pane is suited to trp restriction on the t it It* pace 


TABLE 2-VII. (SHEET 3 OF 40) 


301-099-022C 
8 August 1980 


frvlon Area ■ 050-099 


050 






051 


♦ 




B 0s2 

R/H Rotor 

Swaahplate 

(Driver 

Bending) 


a 053 

R/H Rotor 

512/Rev 




05<* 






F 055 

R/H Ro or 

Pitch Link 

(Green) 

Axial 


056 






057 






R 058 

L /K Rotor 1/Rev 




R 059 

L/H Rotor 

512/Rev 




r ogo 

L/H Rotor 

Pitch Link 

(Red) (Axial) 


r osi 

L/H Rotor 

Pitch Link 

(White) 

(Axial) 


F 062 

L/H Rotor 

Pit h Link 

(Green) 

(Axial) 


063 






-*T 

o 

1 °l 


065 


D_066 L/H Roto* Blade (Rad) Feathering Poa 


067 



068 



069 



070 



071 




E 072 Right Rotor 1 Voltage Swm 

E 07 3 Right Rotor 2 Voltage Sanaa 


eo: i 

Left Rotor 1 Voltage Sanaa 


_£075 

left Rotor 2 Voltage Senae 



i -■ 


» 
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TEXTRON 


ORIGINAL PAGE □ 
OF POOR Q‘jAs_:TY 


: r ‘ i •• jf* 3: iitd 'r umf \ msD>*M ,s * ^^s?r. v t yr on ♦«*»* p*Q t 

TABLE i-wil. (SHEET 5 OF 40) 


301-099-022C 
8 August 1980 


Main Rotor 


100 

1C1 

102 

JJL03 

_LiG4 

105 

106 

M 107 
_B_108 
J|_109 
_£_110 
j^lli 
_Lll2 
® 113 


B 


114 


JL.U5 

116 

— 117 

_U8 

11 ° 

J5JL20 

121 

J122 

.6,123 


^124 

±.125 


iOv/199 


R/H Rotor Pitch Link (Red) Axial 
R/B Rotor Pitch Linn (White! Axial 


R/H Rotor Mast Tor 

R/H Mast Para 

R/H w.cor Mast Perp 

R/H Rotor Giabal Flapping Pos 

PVH Rotor Blade (Rad) Feathering Poa 

R/H Rotor Hub Spindle (R(l) Be Bend 

R/H Rotor Hub Spindle (Red) Ch Bend 

L/H Rotor Hub Spindl » (Red) Be Bend 

L/H Rotor Hub Spindle (Red - ) Ch Bend 


t 


R/H Rotor Blade (Red) 3m Band Sta 22.8 


R/H Rotor Blada '3ed) Ba P ,J Sta 52.5 

R/H Rotor Blade (Red) Ch Bead Sta 52.5 

R/ H Rotor Blade (Rad) Bn Bend Sta 75 

R/H Rotor Blade (Red) Ch Bend Sta 75 
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TEXTRON 


>• 


ORiG'f.AL k“-3iL : 3 
OF POOR QUALITY 


v St Jt V’j *r »h s W»*«» is m.*DhM *? t*f rfilfiitier -»r thr Mi* p*;e 


TABLE 2-VIx • (SHEET 6 OF 40) 


301-099-022C 
8 August 1980 


Main Rotor - ( cont ) 


B U6 

R/H 

Rotor 

Blade 

(Rad) 

Ba Bend Sta 112.5 

t .27 

R/H 

Rotor 

Blide 

(Rad) 

Ch Band Sta 112.5 

M 128 

R/H 

Rotor 

Blade 

(Red) 

Torq Sta 112.5 

M 129 

R/H 

Roto 

Blade 

(Rad) 

Torq Sta 52.5 

8 130 

L/ H 

Rotor 

Blade 

'Rad) 

Ba Band Sta 22.8 

131 

8 132 

L/H 

Rotor 

Blade 

(Rad) 

Ba Band Sta 52.5 

B 133 

L/H 

Rotor 

Blade 

(Red) 

Ch Band Sta 52.5 

3 13*» 

l/b 

Rotor 

Blade 

(Rad) 

Ba Bend Sta 75 

0 135 

L/H 

Rotor 

Blade 

(Rad) 

Ch Band Sta 75 

0 136 

L/H 

Rotor 

Blade 

(Red) 

Ba Band Sta 112.5 

B 137 

L/H 

Rotor 

Blade 

(Rad) 

Ch Band Sta 112.5 

M 138 

L/H 

Rotor 

Blade 

JliSL 

Toro Sta 112.5 

M 139 

L/H 

Rotor 

Blade 

(Rad) 

Torq Sta 52.5 

B 14C 

L/9’ Rotor 

Mast Para 


8 141 

L/H 

Rotor 

Mast Perp 


8 142 

L/H 

Rotor Swashplate 

(Driver Bending) 

M 143 

L/H 

Rotor 

Mast Torq 


0 X44 

L/H 

Rotor 

Gimbal 

Flapping Pos 

s 145 

R/H 

Rotor 

Blade 

(Rad) 

L E Stress Sta 9.5 

S 146 

R/E 

Rotor 

Blade 

(Rad) 

T.E Stress Sta 9.5 

s 147 

L/H 

Rotor 

Blade 

(Rad) 

L E Stress Sta 9.5 

_^_’48 

L/H 

Rotor 

Blade 

(Rad! 

T E Stress Sta 9.5 

_£_149 

L/H 

Pylon Standby Hydraulic Pressure (13) 

5,0 

R/H 

Pylon P/A Accel 
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TEXTRON 
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OF P00% C-'A'. TY 
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TABLE 2-VII. (SHEET 7 OF 40) 


301-099-022C 
8 August 1980 


Main Rotor 151-175 


A 151 

d Pvlon Lat ACC’1 



A 152 

R/«« Pylon Vart Accal 



P 153 

R/H Pylon Hydraulic Prassura (12) 



E 154 

R/H Pylon D C Ganarator (Volta) 



E 155 

R/H Pylon D C Ganarator (Currant) 



D 156 

R/H Pylon Hub Spring F/A Motion 



D 157 

R/H Pylon Bub Spring Lat Motion 



0 158 

R/H Pylon Collactiva Actuator Poa 



0 159 

R/H Pylon Swaahpl&ta F/A Motion 



D 160 

R/H Pylon Swaahplata bat Motion 



® 161 

R/H Pylon Convarsion Poa 



F 162 

R/H Pylon Control Boo it Actuator F/A Cyclic 

Axial 

o 

►I 

O 

ft 

F 163 

R/H Pylon Control Boo at Actuator Lat Cyclic 

Axial 

Forca 

T 164 

R/H Pylon Control Boost Actuator Collactiva 

Axial 

Forca 

B 165 

R/H Pylon Conversion Spindl* Beam Band 



B 166 

R/H Pylon Conversion Spindla Chord Band 



F 167 

R/H Pylon Conversion Spindla Axial Load 



F 168 

L/H Pylon Convarsion Actuator Axial 



169 




170 




,£171 

£.172 







£.173 
£_174 
A 175 




R/H Grean Spindla Chord Band Sta 9.0 



L/H Pvlon 1/ A Accal 
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'..Si* ' r JiiCIO'orf 0» >r l*is Ddct- sjf>u*( Y h' ! h # r ^tri v Tir>p. m If'e f, t ► 


301-099-022C 
8 August 1980 


TABLE 2-VII . (SHEET 8 OF 40) 


Main Rotor - Ccont) 

A 176 L/H Pylon Lat Accel 

A 177 L/H Pylon Vert Accel 

P 178 L/H Pylon Hydraulic PrMgat (H) 

E 179 L/H Pylon DC GtMrttor (Volts) 

E 13Q L/H Pylon DC Generator (Current) 

D iai L/H Pylon Huh Spring F/A notion 

0 182 L/H Pylon Hub Spring Lat Motion 

D 183 L/H Pylon Collective Actuator Pos _____________ 

D 18^ L/H Pylon Svashplate F/A Notion 

D 185 L/H Pylon Swashplata Lat Notion 

0 188 L/H Pylon Conversion Pos 

F ^ S7 ' L/H Pylon Control Boost Actua tor F/A Cyclic Axial Fore* 

F i gg L/i Pylon Control Boost Actuator Lat Cyclic Axial Force 

F 199 L/H Pylon Control Boost Actuator Collective Axial Force 

B 190 L/H Pylon Conversion Spindle Ba Bend 

B i9i L/H Pylon Conversion Spindle Ch Bend ____________ 

B 192 L/H White Spindle Bean Bend Sta 9.0 

3 193 L/H Wh.'te Spindle Choi' Bend Sta 9.0 

B 194 L/H Green Spinels Beaa Bend Sta 9.0 

B ^g5 L/H Green Spindle Chord Band Sta 9.0 

E ig8 Right P ylon 1 Voltage Sense 

E i97 Right Pylon 2 Voltage Sense 

E ^gg Left Pylon 1 Voltag e Sense 

E 159 Left Pylon 2 Voltage Sense 
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,s> .Hv Ps y ,utj •'!' •f' s 54uf >> Sul'tft' 1 

0 V * K f title 0*3* 




TABLE 2 -VI I. (SHEET 9 OF 40) 



200-2U9 




I 


Bed Helicopter EElIED 


,'f fJ--- 


or MC’Cv'* J» Oita r !r i >*«.r is ioD*.t 1C »*'♦* jr m* »»!«* 


301-099-022C 
8 August 1980 


TABLE 2-VII. {SHEET 10 OF 40) 
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ORIGINAL PAGE 53 
OF POOR Q'JALITY 


uS»‘ ,f .Ti^v’C 4 O’ liitd no th‘* jHt’f Mibitit »0 IP*- rfstrii'tjcr m IPr title (Woe 


TABLE 2-VII. (SHEET li OF 40) 


301-CS9-022C 
8 August 1980 


Till Boom 250-299 


250 

_2S1 

252 

_253 

254 

255 

__2S6 

257 

258 

259 

__260 

261 

B_262 

B_263 

B_264 

_265 

M_266 

_267 

B_268 

269 

£_270 

27 i. 

_272 

273 

B_274 
H 275 


R/H Eon Stab Spar Bn Bond St* 8 (BL) 

R/H Horz 3t ab Spar Ch Bond Sta 8 (BL) 

R/H Hocz Stab Spar Bn Bond Sta 72 (BL) 


R/H Horz Stab Spar Torg Bond Sira 8 tBL) 


R/H V«rt Stab Bm Bond Sta 98 (WL) 


R/H Vart Stab Bm U.U Sta 108 (WL) 


R/H Elavator Control Arm Baaa Bond 
R/H Elavator Driva Tuba Torque 
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original rp,zz 

OF POOR QDALiTY 


o f ais^'oijre ot ttita 'n d*ut is subject to me r^tnchor .in t*r title paqe 


TABLE 2-VII. (SHEET 12 OF 40' 


301-099-022C 
8 August 1980 


Tail Borr, - (cor.C ) 


JL276 

R/H 

Rudder Drive Tube Torque 


_M_27/ 

L/H 

Rudder Drive Tube Torque 


B 278 

R/H 

Rudder Control Arm Bm Bend 


**279 

L/H 

Elevator Drive Tube Torque 


B 280 

L/H 

Rudder Control Am 3m Bend 


0 281 

R/H 

Elevator Pcs 


8 282 

L/H 

Elevator Control Arm Bm Bend 


233 

D 284 

R/H 

Rudder Pos 


285 




JL286 

Horizontal Stab Incidence Act Force 

- 


D 237 Horizontal Stab Incidence Act Pos 


* 

239 






B 290 

Lt Horiz 

Stab 3m Bend 

(Skin) 

Sta 

8.0 

★ 

B 231 

Lt Horiz 

Stab Bm Bend 

(Skin) 

Sta 

66.0 

★ 

B 292 

Lt Hon: 

Stab Bm Bend 

(Skin) 

Sta 

8.0 

* 

B 293 

Lt Horiz 

Stab Bm Bend 

(Skin) 

Sta 

66.0 

* 

s 294 

E=iph Attach Point Stress LB 

Lug 


* 

s 295 

Emph Attach Point Stress RH 

Lug 



296 







297 







.£.298 

Effit- f tga 

i 1 Voltage Sense 




E 299 

E -iag« 

2 Voltage Sense 




‘Aircraft No. 1 only 
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Us«» or J<y;ioSi're ot oat,* tni* pauf .!> subnet ic t^r rpsifkior* on t*p Mip paqp 

TABLE 2 -VII . (SHEET 13 OF 40) 


301-099-022C 
8 August 1980 


Fuselage 300-499 

A 300 Aircraft CG Accel (Lat) 

A 301 Aircraft CG Accel (F/Ai 

A 30; Pilot Seat Lat Accel 

F 303 R/ H 'Ain Landing Gear Drag Strut Axial Force 
A 3Q^ Co-Pilot Seat Lat Accel 
D 3Q5 R/H Main Landing Gear Olac Extension Poa 

° 306 R/H SCA5 Actuator F/A Poa 

0 3Q7 R/3 SCAS Actuator Lat Poa 

0 308 R/H SCAS Actuatcr Directional Pos 

D 309 Pilot Flap Lever Pos 

310 , 

311 

B 3i2 L/H Main Landing Gear Qiao Strut Lat Band 

_F^313 L/H Main Landing Gaar Drag Strut Axial Force 

_D_314 L/H Main Landing Gaar Actuator Pos 

_£_315 L/H Main Landing Gear Qiao Extension Pos 

B 33 g R/H Main landing Gaar Qiao Strut Lat Bend 

0 3^7 R/H Mam landing Gaar Actuator Poa 

D 313 Dif£ Cyclic Washout Actuator Pos 

319 

JL320 .. .R/a Saqmc ru«l flma, - 

-5.321 L/H Engine Fuel ft»»n . 

-L322 2sMia«J! ^ .lgap . 

F 32 3 R/H engine Oil Pressure 

F 324 L/H togine Oil Pressure 

■£.32 5 _£/3JDasaait»ljBa su am 
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or Ji^'Oyjre ot ^r> ttv‘ jjik is ufiiwt to rwlncti cr to to» lit'f Mqe 

TABLE 2-VII . (SHEET 14 OF 40) 


301-099-022C 
8 August 1980 


Fuselage - (cont) 

P 326 L/K Transmission Oil Press 

D 327 Instrument Panel Radar Altitude 

R 328 Instrument Panel R/H Engine Fuel Flow Rate 

R 329 Instrument Panel L/H Engine Fuel Flow Rate 

F 330 Pilot F/A Cyclic SticX Force 

F 33^ Pilot Let Cyclic Stick Force 

F 332 Pilot Power Lever Force 

F 333 Pilot Right Pedal Force 

F 33^ Pilot Left Pedal Force 

M 33s R/H Engine Torq 

M 336 L/H Engine Torq 

M 337 Interconnect Shaft Torq (CocXpit System; 

R 338 R/H Engine N T RPM 

R 339 L/H Engine N, PP M 

340 

341 

P 342 Nose Boom Altitude 

B 3t 3 Nose Landing Gear R/H Trunnion Vert Bend 

B 344 Rose Landing Gear L/H Trunnion Vert Bend 

B 345 Nose Landing Sear Oleo Strut F/A Bend 

B 346 Nose Landing Gear Oleo Strut Let Bend (Right) 

f 347 Nose Landing Gear Drag Strut Axial Force 

0 348 Nose Landing Gear Actuator Po» 

0 349 Nose Landing Gear Oleo Extension Pos 
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TEXTRON 


ORIGINAL PASS t3 
OF POOR QUALITY 


use or (hsc'ov.re ot data tnr> paye « r>ipc t to the restriction on the title pace 

TABLE 2-VII . (SHEET 15 OF 40 } 


301-099-022C 
8 August 1980 


Fuse laae - (cone) 

_3SO 

T 331 Right Wing, Left Wing and Fuselage Hap 

* 352 Aircraft CG Accel (Servo) 

353 _ 

354 

F 355 R/H Wain Landing Gear Drag Strut Axial Force 

F 356 L/H Main landing Gaar Drag Strut Axial Force 

B 357 Nose Gaar Qiao Strut Lat Bend (Left) 

358 * 

359 

D 260 Temp Scanner Encoder ' 

361 

362 , 

363 

364 

X J65 Record Number Bor A 

X 366 Record Number Box B 

__3f7 . 

366 . 

E 369 Co "'c pit 1 Voltage Sense 

E 370 Cockpit 2 Voltage Sense' 

E 371 Cockpit 3 Voltage Sense 

E 372 Nose 1 Voltage Lcnae 

E 373 Cabin 1 Voltage Sense 

E 376 Right Mam Gear 1 Voltage Sense 

E 375 baft Main Gear 1 Voltage Sense 
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Ben Helicopter 


TEXTRON 


0 . Sl' C‘ f 


ORIGINAL PAU- . > 

of pooo quality 


jse or discosiire ot <wt4 in tn.s pane 'i iuOieU lo me restriction or me title pioi 


301-099-022C 
8 August 1980 


•ell Helicopter C 2 ZEH 1 <?e PAC ' E ts 30 i-r'' 9 - 022 C 

: w Poor? (w vUT y 8 August 1980 

uSr or JibdOM.rt ol (UU in mis pau# is ic the restriction or Iff MUn P«e 

TAELE 2-v/II. (S;-EET 18 OF 40} 


I 



X: 


2 - 5i 


% 


M Helicopter 


SEED 


ORIGINAL PAGE !S 
OF POOR QUALITY 


USI 1 Of aiicK!>iiff 01 MM on tm> [mjf IS suQ|Wt I0 th» function on inf trtie p*qe 


301-099-022C 
8 August 1980 


■•N Helicopter 


TEXTRON 


ORIGINAL PAGE IS 
OF POOR QUALITY 


< \< '• .it .u AHj .'n If* \ ^|. t \ L' I* r 'rst'u t.i' ' v» t*'* Ml* t ^JOr 


TABLE 2 -VI I. (SHEET 20 OF 40) 


301-099-022C 
8 August 1980 


Smlitt - <cont) 

476 

477 

478 

479 

480 

481 

482 _______ 

483 

484 

__485 

_J»86 

487 

488 

489 

490 

491 _____ 

492 

493 

494 

495 

49* 

497 

498 

490 


$ 

■f 
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8 August 1980 
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TABLE 2-VII. (SHEET 25 OF 40) 


301-099-022C 
8 August 1980 


Vint 600-699 

B 600 R/H Wing Spar Beam St* 22 

601 ■ 

602 

B g 0 j R/H Wing Spar Chord St* 22 

-J60L . 

__605 -- 

M 606 R/H Win9 Sp<Ur Tor<J St * 22 

607 _ 

608 

S 609 R/H Wing Upper Panel Inner Skin Streaa 

— • . . .i — . 11— . — — a r- - • — ■ 1 

S 610 R/H Wing Lower Panel Inner Skin Streaa 

r 611 r/h wing conversion Actuator Axial I<o*d 

M6U R/H Flap Drive Tube Torque 

_B613 R/H flap Maa Bend 

F 614 R/h riaoeron Control Kcv. Force 

_fl615 R/H Flaperon Bean Bend 

616 ! 

0617 R/H Flap Poi 

B618 L/H Flap Be ^ a Bend 

M619 L/H flap Prive Tube Torque 

620 

*621 L/H Flaperon Control Krm Porce 

B622 L/H Flaperon Bean Bend 

623 

624 
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TABLE 2-VII . (SHEET 26 OF 40) 


301-099-022C 
8 August 1980 


win* - 
a_625 

i_626 

UL.627 

i_628 

S_629 

£.630 

£.631 

£.632 

.£633 

£.634 

£635 

£636 

£637 

f.«38 

639 

6U0 

641 

642 

643 

644 

£645 

£.646 

£.647 

£.648 

C M9 


Ccont) 


I* St., Bias Chart Banfliaa S.U-2C 
lolAJttaa-Bsaa Madina atiJL 


A/C No. 1 Wiftd Tunnel Test 


jteXtJ&Ea Janaa Maflina-l&i 21 ’ 

BL 0.0 Right Wing Upper Panel Ouur Skin Stress 

BL 0.0 Right Wing Lowtr Outer Shin Stress 

ws 66 Right Wing Front Spar Shear (Upper) 

WS 66 Right Wing Front Spar Shear (Lower) 

WS 66 Right Wing Rear Spar Shear (Upper) 

WS66 Right Wing R ear Spar -Shear (Lower) 

WS 1 42 Right Wing Front Spar Shear (Upper) 

WS 142 Right Wing front Spar Shear (Lower) 

WS 142 Right Wing tear Spar Shear (Upper) 

WS 142 Right Wing Rear Spar Shear (Lower) 

Left Pylon Conversion Actuator Axial Load 


Rt Aileron Pos 
Lt Aileron Pos 
Right Wing 1 Voltage Sense 
Right Wing 2 Voltage Sense 
Left Wing 1 Voltage Sense 
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TABLE 2-VII. (SHEET 28 OF 40) 


Vina - Ccorvt) 

_i_ 6 50 Caaia aite J Lir Jtots?- UiifrU Mo— 1 1 

__651 

__652 

653 

654 

Right Wine Sta 22 C > .ord Band | 

Right wing Sta 22 Baam Bend | A./C No. 1 Wind Tunnel Tes t 
Right Wing Sta 22 Torque 


_J 559 

660 

661 

662 

663 

664 

665 

_666 

_667 

668 

669 

670 

671 

672 

673 

674 


.8 655 
B_656 
M_657 
658 
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Exttrnal Storta 700-799 

E 700 GPA Gain - 4 RMDU-A 

9 

E 701 

GPA Gain - 16 RMDU-A 


E 702 

GPA Gain - 64 RMDU-A 


E 703 

GPA Gain - 128 RMDU-A 


E 704 

GPA Gain - 256 RMDU-A 


E 705 

GPA Gain - 512 RMDU-A 


E 706 

LLC Gain - 512 (Card Slot - 7) 

RMDU-A 

E 707 

LX<C Gain - 512 (Card Slot - 8) 

RMDU-A 

E 708 

LLC Gain - 512 (Card Slot - 9) 

RMDU-A 

E 709 

LLC Gain - S12 (Card Sis- - 10) 

RMDU-A 

E 710 

LLC Gain - 512 (Card Slot - 11) 

RMDU-A 

E 711 

HLC RMDU - A 

- 

J_7U 

PSB RMDU - A 


_J 713 



714 



715 



£_716 

Stick Fore* (Cal Span) 

Y 

S_717 



JS_718 



i_719 

Primary. Governor 11 LVPT 

1 

1_720 

Primary Governor Actuator Velocity ^ GOVERNOR TESTS 

E 721 

Primary Governor Command RPM 


E 722 

Primary Monitor Command RPM 

1 

E 723 

Primary Monitor RPM Error 


E_724 

Standby Govarnor RPM Error 

/ 
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External Stores - (cont) 


= 725 

GPA 

Gain 


4 

RMDU-B 



* 726 

CPA 

Gain 

- 

16 

RMDU-B 



E 727 

GFA 

Gain 

- 

64 

RMDU-B 



E 728 

GPA 

Gain 

- 

128 

RMDU-B 



= 729 

GPA 

Gain 

- 

256 

RMDU-B 



= 730 

GPA 

Gain 

• 

512 

RMDU-B 



E 731 

LLC 

Gain 

• 

512 

(Card Slot - 7) 

RMDU-B 


= 732 

LLC 

Gain 

- 

512 

(Card Slot - 8) 

RMDU-B 


= 733 

LLC 

Gain 

- 

512 

(Card Slot - 9) 

RMDU-B 


= 734 

LLC 

Gain 

• 

512 

(Card Slot - 10) 

RMDU-B 


= 735 

LLC 

Gain 

- 

512 

(Card Slot - 11) 

RMDU-B 


.£736 

HLC 




RMDU-B 



_£_737 

PS6 




RMDU-B 




718 

739 

740 

_ 741 


* 742 

Airspeed Senior Ut Cyc Cont Box 

> 


D 743 

Pos (Rt LVDT) Let Cyc Cont Box 



D 741* 

Pos (Lt LVDT) Lat Cyc Cont Box 



E 745 

Servo Drive Volts Exciter 


Lat Cyclic 

0 746 

Pos (Collective LVDT) Exciter 


s Exciter Test; 

0 747 

Pos (Flaperon LVDT) Exciter 



_=748 

Volts (Coll Solenoid Valve) Exciter 




= 749 


Volts (Flaperon Solenoid Valve) Exciter 
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SECTION 3 . EQUIPMENT 


This section defines the equipment installed for the research 
instrumentation and data acquisition system. Aircraft inboard 
profile and basic lines data are included for equipment location 
and sensor installation reference. 

3.1 Contractor Furnished Equipment . Contractor furnished equip- 
ment is listed m Table 3-1. 

3.2 Government Furnished Equipment . Government furnished equip- 
ment is listed in Table 3-II. 

3.3 Ships Inventory List . A ships inventory of installed re- 
search instrumentation equipment for the XV-15 is given in Volume 
No. 2 for Aircraft No. 1 and in Volume No. 3 for Aircraft No. 2. 
The ships inventory lists the item, type, serial number, and 
calibration interval for each installed sensor and equipment. 

3.4 Specification Sheets . Vendor specification sheets for con- 
tractor furnished equipment are contained in Volume IV. 

3.5 Equipment Location . Location of major research instrumenta- 
tion equipment is shown in Figure 3-1. An inboard profile of the 
XV-15 is shown in Figure 3-2 for reference. Basic aircraft lines 
data is given in Figure 3-3 for reference to the WL, BL, STA co- 
ordinate system used to locate aircraft, sensors, and equipment. 
Research instrumentation equipment is not shown on the inboard 
profile. This drawing shows location of major aircraft equip- 
ment. Aircraft station numbers are shown for reference purposes. 
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Figure 3-1. Research instrumentation system equipment location 
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SECTION 4. POWER AND CONTROL 


Electrical power requirements, control signal distribution and 
control logic for the research instrumentation and data acquisi- 
tion subsystem are contained in this section. Control logic and 
wiring for the pressure scanning, thermocouple scanning and 
telemetry systems are also discussed. 

4.1 Power Required . The GFE data acquisition subsystem requires 
28 Vdc and 115 Vac, 400 Hz power. Electrical power is supplied 
by the No. 2 28 Vdc bus and a separate 750 VA, 115 Vac solid 
state inverter powered by the No. 2 28 Vdc bus. Protection and 
isolation for the power supply is provided so that the aircraft 
power system is not affected by failures in the data acquisition 
subsystem. The data acquisition subsystem is in turn protected 
from aircraft induced transients by overload sensors, circuit 
breakers, separate power supplies and DC to DC converters. Air- 
craft power is connected to the instrumentation pallet and static 
inverter as shown in Figure 4-1. 

4.1.1 DC Power . The 28 Vdc power is furnished to the data sys- 
tem from the aircraft dc bus No. 2 through an 80-amp current 
sensor and a 50-amp circuit breaker (Figure 4-1). Current in 
excess of 80 amps will open the overload sensor. The overload 
fault must be corrected and the sensor reset before power is 
returned to the system. The overload sensor is installed in the 
aircraft master power box located on the left side of the rear 
cabin area behind the auxiliary instrumentation pallet. DC power 
from the 50-amp circuit breaker panel is routed to the instrumen- 
tation pallet thiough input plugs "C" and "F." DC power is 
distributed through the circuit breaker panel to the individual 
instrumentation system components (see Figure 4-2). The follow- 
ing research instrumentation equipment is powered by 28 Vdc. 

a. Tape transport deck 

b. Attitude gyro, cage-uncage function 

c . Rate gyro 

d. V„ power supply 

e. Program board 

f. Telemetry transmitter 

g. Active network power supply (±15, +5, +28 Vdc) 

h. Data control monitor 

i. 750 VA static inverter 

j. Temperature reference junctions 

k. Time code display panel 

4.1.2 AC Power . The 115 Vac, 400 Hz power is furnished, to the 
data acquisition subsystem from a Flite-Tronics Co. PC-17A 750 VA 
static inverter. The inverter is powered by the No. 2 28 Vdc bus 
and protected by the 80-amp overload sensor and a 50-amp circuit 
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breaker (see Figure 4-1). AC power from the inverter is connec- 
ted to the instrumentation pallet, through input plugs •'C” and 
"F." The ac power is then distributed through the circuit 
breaker panel to the individual instrumentation system components 
(see Figure 4-2). This ac voltage is used to power the following 
equipment. 


a. 

PAF #A 


b. 

PAF #B 


c . 

RMDU #A 


d. 

RMDU #B 


e. 

Tape deck 

heaters 

f. 

R-cal box 

#1 

g- 

R-cal box 

#2 

h. 

R-cal box 

#3 

i . 

R-cal box 

#4 

j • 

R-cal box 

#5 

k. 

Time code 

generator 

1 . 

Attitude gyro power 

m. 

Flight line tester 

n. 

Fan 



4.1.3 Circuit Breaker Panel . The circuit breaker panel is in- 
stalled ‘^n^th^mstHimentatlbn pallet. Figure 4-3 shows the lay- 
out of the circuit breaker panel. 

4.2 System Control Logic . Figure 4-4 shows the basic flow dia- 
gram for system control logic. Pressure and temperature scans 
are initiated by the prime data switch located on the pilot's and 
copilot's power lever. Instrumentation system status is dis- 
played on the control monitor (Figure 1-7). When the prime data 
switch is pressed the prime data light on the control monitor 
will blink indicating that system logic is in prime data mode. 
When the prime data switch is pressed again, the record number 
displayed on the control monitor will update and the prime data 
light will cease blinking. 

4.3 Control Signal Distribution . A schematic wiring diagram of 
the data recorder and control monitor is shown in Figure 4-5. 
Control signal distribution to the control monitor is shown in 
Figure 4-6. Control signal input to instrumentation pallet plugs 
"A" and "B" is shown in Figure 4-7. Control signal wiring for 
attitude and rate gyro packages is shown on Figure 4-8. Display 
signal wiring to the pilot's time code generator display is shown 
in Figure 4-9. 

4.4 Pressure Scanning System . A flow diagram for the pressure 
scanning system control logic is shown in Figure 4-10. Control 
signal distribution wiring is shown in Figure 4-11. A ‘scanni- 
valve control box, shown schematically in Figure 4-12, is in- 
stalled to permit manual single step operation of the scannivalve 
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for checkout and maintenance. The scannivalve contains a posi- 
tion encoder which generates a 12-bit word (see Table 4-1) used 
to identify the pressure ports during the scan mode of operation. 
Pressure and temperature scanning is synchronized so that the 
location word (A82-8-1) can be used to identify both pressure 
port and temperature channel for the temperature scanning system. 

4.5 Temperature Scanning System . A flow diagram for the temper- 
ature scanning system control logic is shown in Figure 4-13. 
Control signal distribution wiring is shown in Figure 4-14. 
Thermocouple signal inputs to the temperature scanner remote unit 
(typical of three units) is shown in Figure 4-15. Internal wir- 
ing for the temperature scanner remote unit is shown in Figure 
4-16. The scan mode is initiated automatically when prime data 
is selected. The scan is terminated at the end of the prime data 
record or at the end of one complete scan cycle. The temperature 
monitor (Figure 1-10) contains a FAULT light to indicate that the 
system is not ready to take data (thermocouple reference junc- 
tions not up to temperature or electrical fault) and a CYCLING 
light to indicate that the system is in the scan mode. The CYCL- 
ING light remains illuminated until both pressure and temperature 
scans are complete. A special circuit card located in the active 
network panel generates a 12-bit ID code (see Table 4-II) which 
gives the location of the temperature scanner. This code is gen- 
erated in either the scan or dial in mode. 

4.6 Telemetry System . Control and signal distribution wiring 
for the L-band telemetry system is shown in Figure 4-17. A sche- 
matic of the BHT- fabricated premodulation filter is shown in Fig- 
ure 4-18. 
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TABLE 4-1. SCANNIVALVE POSITION ENCODER WORD A82-8-1 


ID Count 

(Following "000") 

Press 

Port 

ID Count 

(Following "C^O") 

Press 

Port 


V 

00000010 

1 

01001010 

25 


1 ' 

00000100 

2 

01J01100 

2b 


1 

00000110 

3 

01001110 

27 


: 

00001000 

4 

01010000 

28 



00001010 

r 

^1010010 

29 



00001100 

6 

01100000 

30 


; 

00001110 

7 

01100010 

31 


* i 

00010000 

8 

01100100 

32 


\ 

00010010 

9 

01100110 

33 


I ’ 

00100000 

10 

01101000 

34 



00100010 

11 

01101010 

35 


i \ 

} r 

00100100 

12 

01101100 

36 



00100110 

13 

01101110 

37 


* 

00101000 

14 

01110000 

38 


* 

00101010 

15 

01110010 

39 


* 

00101100 

16 

10000000 

40 



00101110 

17 

10000010 

41 



00110000 

18 

10000100 

42 . 



00110010 

19 

10000110 

43 



01000000 

20 

10001000 

44 


h 

01000010 

21 

10001010 

45 



01000100 

22 

10001100 

46 

Static 


01000110 

23 

10001110 

47 

Open 


01001000 

24 

10010000 

48 

Home 


Note: Scan starts 

at Channel 

48 (Home) 
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TABLE 4-1 I. TEMPERATURE SCANNER POSITION 
ENCODER WORD A79-8-7 


Temp 1 

Chan 

ID Count 
M L 

S S 

B B 

0 

000000000000 

1 

OOOCOOOOOOOl 

2 

000000000010 

3 

000000000011 

4 

000000000100 

5 

000000000101 

6 

000000000110 

7 

000000000111 

8 

000000001000 

9 

000000001001 

10 

000000010000 

il 

000000010001 

12 

0000000 x 0010 

13 

00000001^011 

14 

000000010100 

15 

OOOCOOOIOICI 

16 

GOOOOCOIOIIO 

17 

00 ' "''0010111 

18 

ooiiooo 

19 

011001 

20 

OOOOOOiUOCOO 

21 

OOOOCOlOOOOl 

<.2 

000000300010 

23 

000000100011 

24 

000000100100 

25 

000000100101 

26 

000000100110 

27 

000000100111 

28 

000000101000 

29 2 

000000101001 

^emp Chan refers 

to ID number set on pilot’s 


panel 

2 This is shorted for reference 
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Figure 4-3. Circuit breaker panel layout 
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Figure 4-5. Control monitor wiring diagram 
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SYSTEM CONTROL RLi 
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(SEE FIGURE 4 5) 



SEE FIGURE 4 1 


s 


KPT06 24«1P 


PLUG 

A 

INSTR 

PALLET 

.SEE FIGURE 4 71 


Figure 4-6. Control monitor wiring harness 
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Figure 4-10. Pressure scan flow diagram 




'V " 


Bell H«llcopt«r 


TEXTRON 


ORIGINAL 
OF POOR 


PAGS IS 

QUALITY 


jst or 3»s<l '* Mta on tnis pat;* n MjtvM to t^p rf\i*«ction on th* till** pace 


301-099-022C 
8 August 1980 


KPT06-I0-6P 


•MARK. SCAN-PRESS-22 


KPT06 10-SS 


r 


DISC • 
LP-2K 


A 

- 



A 

Q 

* 1 

u 

U4LJ. TC 

1 1 

i 1 

T 

D 

r 

omiK — 

- ei arw - LJ 

L 

Q 



L_1 

w ljav r\ . ..... - — -- 

i 1 

c 

o 

£ 

1 

r 


! 

c 

f 


1 *3 



EL 

c 




/— KPT0I-14-ISS 


r 




5" JUMPER 

' 



INSTR. 


— -SCAN-COOE A-22 



SCANCODE-B-22 

PALLET 


SCAN CODE C-22 



SCAN-COOE-D-22 

PLUG 


SCAN-CODE-E-22 



SCAN-COOE-F-22 

•A 


SCAN-COOE-G-22 



SCAN-COOE-H-22 

REF: 

r i 
1 1 

SKASW 


w 

05575-9 


1 


A 

A 

B 

V 

C 

T 

D 

0 

E 

E 

F 

F 

G 

~ 

H 


J 

_J_ 

K 

K 


c 


KP06-I4-15P 


-Pr 


t 


KPT06-B-4S -H 


H | A 


KPT 06-1 2-8S 

- SC AN-COOE-A-22 

- SCAN-CODE-B-22 

- SCAN-CODE-C-22 

- SCAN-COOE-O-22 

- SCAN-CODE-E-22 

- SCAN-CODE-F-22 

- SCAN-CODE-G-22 

- SC AN-COOE-H-22 


*\ 




; 

A 


■a®* 

1 — — 

B 


mua 

— 

C 



— 

0 

— 

E 

— 

F 

— 

G 




H 


B 

[71 


rtTtl 

[g1 


LU 

LrLI 

LULL] 

LU 



PRESSURE 

TRANSDUCER 


SCANI- 

VALVE 


GREEN 

BROWN 

RED 

YELLOW 

GRAY 

BROWN/WHITE 

RED/WHITE 

YELLOW/WHITE 


SCANIVALVE 
CONTROL BOX 
(SEE FIGURE 4-12) 


♦28 V DC 
28 RTN 




• WHITE - 
-BROWN - 




KPT06-8-3S 


J 



KPT06-8-4S 


•1 -CONTROL BOX MOUNTED ON LEFT PYLON 

*2 USE 2 CONDUCTOR. 20 GAGE ORANGE WIRE 

•3-U. E 4 CONDUCTOR. 22 GAGE ORANGE WIRE 

•4-MAKE THESE SPLICES AT THE SCANIVALVE CONNECTOR 


SCANIVALVE CONTROL WIRING 


3 'i 1 0 9 9 * 1 .' 


Figure 4-11. Scannivalve control wiring 


4-16 










THERMOCOUPLES 


■all Helicopter 


TEXTRON 


C‘. vtn >> ••'' r 


ORIGINAL PAGE IS 
OF POOR QUALITY 


'Jsp or dikdObi.rv oi tota on this patir is %uD|tfit tc tPP rrstr ict ior. on thr hue pane 


301-099- 022C 
8 August 19B0 


v 



z> 

O 

< 

2 

O 

i/J 


D 

O 


OC 


d) 

in 

3 

c 

C 

0 

«3 

■H 

■C 

4J 

o 

13 

4J 

iH 

E >-i 

0) 

(3 (3 

in 

p p 

4) 

a> in 

p 

(3 c 

a 

•H *H 

o 

p 

(3 P 

3c -H 

p 

0 c 


(3 

*3 


0) 

£ 

•H 

P 

a c 
a) 

«w JC 
o P 

CT> - 

c c 

■P (3 
C 0 
C in 
•H 

D1W 

a) o 

T3 
P C 


(0 
P 
<0 

«T3 0J T3 


cO u. 


1/1 u. 


tf) 


0) 

£ 

o o 

4/ x; 

M 

\ E 
in O 
0 ) u 

r-t p 

a 

e p 

ID P 
in d j 
P 

^ C/5 


P U) 

(0 E 

•H 

oi p 
E a 
o 

x: «• 

o 

-p 

<0 T3 

c 

a a/ 
o 

P P 
U5 <0 


P 

0) 

P P 
<3 0 
C E 
C 0) 
to P 

fj 

in ri 

Q) y-i 

P O 


u 


4/ 

3 
P 
0) 
a a 
E >1 

0) 4-> 

E- 


I 

*5" 


0) 

i-i 

3 


H!NH 


4-18 




Bell Helicopter 


TEXTRON 


1 . y . ' : •'V 


ORIGINAL D AGE IS 
OF POOR QUALITY 


i.'sr nr J*sc 10s _* re ot oa(a *n this paue *ub|fet to the re^tfcticr in thr Mir paoe 


301-099-022C 
8 August 1980 


AA 

z 


1 


INSTRU- 

MENTATION 

PALLET 


I l 

±h 


-.revoc 

■ FAULT SIGNAL- 


(distribution 

IlP2-0 


1 


KPT 06 
IMP 


[DISTRIBUTION | 
LP2-P | 


KPT 06 
IMP 




BB 

CC 

OD 


■ +28VDC 


I I 




■FAULT SIGNAL • 


t DISTRIBUTION | 
CP3-0 j 


KPT 06 
IMP 


O'STRIBUTION 

CF3-P 


1 


KPT 06 
IMP 


IU 


I i 

J-4 


-+28VDC 


• FAULT SIGNAL ■ 


I DISTRIBUTION I 
RP2-0 1 

[ DISTRIBUTION 
RPZ-P | 


KPT 06 
IMP 


KPT 06 
IMP 


INSTRUMENTATION 
PALLET pluge 


20GA ■ 


u 


DE-9S 
1 
3 


I i 
I l 

T7 


22GA 
■ CONT SIG 
•CONTSIG 


3 


U 








22GA 

■♦ANALOG OUT 
— ANALOG out 

•lh 




I I 


LEFT 

PYLON 

REMOTE 

UNIT 

J1 


20GA- 


I * 
I • 


DE-9S 
1 


u 


I I 




-+CONT IIG 
- CONTSIG 


22GA — i 
£IG — t C~> 


• I 

I • 

TT 


Fb 


22GA 


44 


ANALOG OUT 
■ ANALOG OUT 




ZJ ''*■ 


CTR. 

FUSE. 

REMOTE 

UNIT 

J1 


20GA 




I l 

J* 


DE_9S 
1 


/■■A,. 


I l 
I l 
TT" 


22GA 
-♦ CONT SIG 

— CONTSIG 
22G" 


1a 


I I 
I I 


a 



t* 

1 

| 

1 

u 

\ 


E 



* *1 

F 

— 





ANALOG OUT 


I I 


s_r 


4 


RIGHT 

PYLON 

REMOTE 

UNIT 

J1 


Figure 4-14. 


Temperature scanner system 


4-19 




ORIGINAL TAGS IS 
OF POOR QUALITY 


301-099-022C 
8 August 1980 














toll HUcopfr gSESa 


ORIGINAL PAGE !S 
OF POOR QUALITY 


. r r* 3*:* •> \uPjW* t' **> '*Klr *«c* ''r t»> UVt r 


301-099-022C 
8 August 1980 


I 11 12 ‘/a 3 5 « 2*7 • I HUH »/s| 

| | | — r | "|ji| — ri l!_ 

r-)ee(-^|eeeeeBBeeep-^ 


POWER 

SUPRlv 

CARD 


RCLAV 

CARD 


RCLAV 

CARD 

r 2 


RCLAV 

CARD 

-3 


K h/i KK psK 


t 2 3 « » 6lr a t 


Figure 4-16. Temperature scanner remote unit - 
internal wiring (sheet 1 of 9) 
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Figure 4-16. Temperature scanner remote unit - 
internal wiring (sheet 2 of 9) 
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TEMP SCANNER REMOTE UNIT SIGNAL WIRING 



Figure 4-16. Temperature scanner remote unit - 
internal wiring (sheet 3 of 9) 
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Figure 4-16. Temperature scanner remote unit - 
relay card schematic (sheet 5 of 9' 
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Temperature scanner remote unit - 
relay card layout (sheet 6 of 9) 
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Figure 4-16. Temperature scanner remote unit - 
logic card schematic (sheet 1 of 9) 
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Figure 4-16. Temperature scanner remote unit 
power supply card (sheet 9 of 9) 






■•II ItaUconfr l i >A i 


OF P'- 


o . y ’••’•of' ■’c 


Use or aiiLlos..rf oi <Uti on this own is SuDiKt to the restriction on the title pKje 


301-099-022C 
3 August 1980 





301-099-022C 
8 August 1980 


■•II Hrtlcopf r jSnSSP 


O' >•"0'*"' c 


OF POOa QUALii ■ 


Us# or disclosure of data on this pwe ts subject to the restriction on the tittp paqe 







Bell Helicopter 


TEXTRON 


ir Mclosurt ot data m pd<if is Mito;*! to thf- restrict «nr on tne »ift? page 


301-099-022C 
8 August 1980 


SECTION 5. SENSOR CABLES 


This section defines the standard signal distribution cable, 
sensor disconnect harness, rotor system cables, sensor cable 
assignments, junction boxes, and patch panel wiring. 

5.1 Signal Distribution Cables . The standard signal distribu- 
tion cables are Beldon No. 8769 consisting of 19 foil shielded 
twisted pairs of 22-gage stranded wire encased in a gray poly- 
propylene jacket. There are 20 standard signal distribution 
cables, one for each of the 20 j-box locations distributed 
throughout the aircraft (see Figure 5-1). Each of the 20 cables 
terminate in a 61-pin circular connector at the instrumentation 
pallet, and in 16 six-pin connectors mounted on each remote junc- 
tion box (j-box). Ii. each 19-pair cable, 16 poirs are used for 
signals, one pair for positive excitation, one pair for negative 
excitation, and one pair for excitation sense. Each sign i pair 
is returned as a. data channel to a given location on the instru- 
mentation pallet patch panel. All shields are carried through 
for proper termination at either the transducer or instrumenta- 
tion pallet. Excitation shields are connected to system common. 
The distribution cables provide common excitation for each group 
of 16 signals (parallel at the j-box). This arrangement i hices 
slipring requirements and minimizes size and ’-.-eight Oj. the 
cables. One ±3 Vdc power supply is located in the instrumenta- 
tion pallet and 20 power distribution cables are wired in paral- 
lel to this power supply. A typical signal distribution cable is 
shown in Figure 5-2. Note that spare pins and excitation wires 
are located on the outer ring of the 61-pin connector for easy 
access . 

5.2 Sensor Disconnect Harness . All instrumentation sensors are 
connected to the remote j-box locations with a sensor disconnect 
harness. The harness consists of a KPT06-10-6P j-box input con- 
nector, sensor cable, and sensor connector. The sensor cable is 
a Beldon No. 8723 consisting of two foil-shielded twisted pairs 
of 22-gage stranded wire encased in an orange polypropylene jac- 
jet. A schematic diagram of a typical sensor disconnect harness 
is shown in Figure 5-3 (Form SKASW04375-1 ) . A keyed explanation 
of the schematic diagram form is contained on Sheet 3 of Figure 
5-3. A KPT06-10-6P input connector is used for each of the 320 
j-box inputs (16 connecters per j-box x 20 j-box locations). 
Connectors may be obtained from any of the several approved manu- 
facturers for this type of connector. A disconnect harness for 
each of the 20 j-box locations is defined on Form 5KASW04375-1 . 
These forms are contained in Volume II for Aircraft No. 1 and 
Volume III for Airc.aft No. 2. Figure 5-3 shows th® disconnect 
harness for j-box N-l as an example. Figure 5-4 shows termina- 
tions for the airspeed acd altitude sensor cable:;. figure 5-5 
shows terminations for the nose boom data head. 


5-1 



BeM 


Helicopter 


TEXTRON 


or iliiCtOiu • Of 341<j ip 0<Uii* s suh|n.i !' restriction "'P top r »t !►* ydCP 


301-099-022C 
8 August 1980 


5.3 Rotor System Cables . Rotor system cables terminate at 
multi- m connectors on slip-ring harnesses rather than j -boxes. 
Signal distribution in tae rotating system is provided by "super- 
flex" wiro ( AWG 26, 60 strands of No. 44) for high fatigue life. 

5.4 Sensor Cable Assignment . Table 5-1 shews all sensors as- 
signed to the 20 standard signal distribution cobles and the item 
code assigned to each sensor location. Signal paj.rs (channels) 
required in each area of the aircraft are summarized in Table 
5-1 I. Spare channels are also tabulated. 

5.5 Junction Box . Junction boxes (j-boxes) are installed at 
critical structural breaks in the aircraft to facilitate mainte- 
nance of the sensor installation and cabling. Each remote j-box 
has excitation and common test points. Figure 5-2 illustrates 
j-box external configuration and internal wiring. There are 20 
j-box locations on the aircraft as shown in F’ jure 5-1. Each 
j-box has 16 input con- actors identified using the following 


scheme ( 

RP-1 as an example) 

1. 

RP-1 

A 

2. 

RP-1 

B 

3. 

RP-1 

C 

4. 

RP-1 

D 

5. 

RP-1 

E 

6. 

RP-1 

F 

7. 

RP-1 

G 

8. 

RP-1 

H 

9. 

RP-1 

I 

10. 

RP-1 

J 

11. 

RP-1 

K 

12. 

RP-1 

L 

13. 

RP-1 

M 

14. 

RP-1 

N 

15. 

RP-1 

0 

16. 

RP-1 

P 


5.6 Patch Panel Wiring . A standard system of signal distribu- 
tion is used to convey signals from remote j-boxes to the patch 
panel located on the instrumentation pallet. The standard signal 
distribution cables (see 5.1) terminate at 61-pin plugs which 
connect to KPT02-‘ ? 4-6iS chassis mount plugs installed on the in- 
strumentation pallet. These plugs are wired to the lower half of 
the patch panel which contains the removable £HT signal cable 
program board (reference Figure 1-5). Figures 5-6 through 5-25 
show connector wiring to the BHT signal cable program board for 
each of the 20 j-box connectors. The upper section of the patch 
panel contains the NASA data acquisition subsystem program v oard 
(reference Figure 1-6). 
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TABLE 5-1. SENSOR CABLE ASSIGNMENT. 


CHANNEL AND LOCATION 


ITEM 

CODE 


Right Rotor, Cable No. 1 (RR-1) 


Right Rotor Blade (Red} 
Rig. t Rotor Blade (Red) 
Right Rotor Blade (Red) 
Right Rotor Blade (Red) 
Right Rotor Blade (Red) 
Right Rotor Blade (Red) 
Right Rotor Blade (Red) 
Right Rotor Blade (Red) 
Right Rotor Blade (Red' 
Right Rotor Blade (Rea t 
Right Rotor Blade (Red) 
Right Rotor Blade (Red) 
Right Rotor Hub Spindle 
Right Rotor Hub Spindle 
Right Pitch Link (Red) 


Bm Bend Sta 22.8 ^ 

Bn Bend Sta 52.5 
Bm Bend Sta 75 ^ 

Bm Bend Sta 112.5 
Ch Bend Sta 52.5 
Ch Bend Sta 75 
Ch Bend Sta 112.5 
Torque Bend Sta 52.5 
Torque Bend Sta 112.5 
L.E. Stress Sta 9.5 ^ 
T.E. Stress 
Feathering 
(Red) Bm Bend ^ 

( Red ) Ch Bend 


Ri.aht Rotor, Cable No. 2 (RR-2) 


Right Rotor Mast Parallel Bend 
Right Rotor Mast Perpendicular Bend 
Right . 3 tor Mast Torque (02) 

Right Rotor Swashplate Driver 
Right Rotor Gimfcai Flapping 

Right Rotor Pitch Link (White) 

Right Rotor Pitch Link (Green) 

Right Rotor Mast Torque (04) & 

Right Rotor Hub Spindle Bm (White) 
Right Rotor Hub Spindle Ch (White) 
Right Rotor Hub Spindle Bm (Greer.) 
Right Rotor Hub Spindle Ch (Green) 
Right Rotor Collective Actuator Pos 


FG52 
DUO 

F104 

F053 

(M107';A 

» 

B171 
B172 
B17 3 
B174 
D158 


Notes : 


Red blade is instrumented, green and white blades 
are not. 

Abbreviatic: • Bm - beam 

Ch - chord 

LE - leading edge - • 

TE - trailing edge 

Multiple gages on one component are identified as 
01, 02, 03, 04, etc. Item code does not change fc 
redundant gages. 
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TABLE 5-1. {CONTINUED) 


DISC 

CHANNEL AND LOCATION 

ITEM 

CODE 

A 

Right Pylon, Cable No. 1 (RP-1) 
R/H Pylon F/A Accel 

A150 

B 

R/H Pylon Lateral Accel 

A151 

C 

R/H Pylon Vertical Accel 

A152 

1 D 

Right Engine Inlet Case (PCM) (6:30) 1 

Right Engine Combustion Flange (PCM) (9:00) * 

A500 


A501 


Right Engine Combustion Flange (PCM) (6:00)1 

A502 


R/H Pylon Hub Spring F/A Motion 

D156 

H 

R/H Pylon Hub Spring Lat Motion 

D157 

I 

Right Fuel Control Lever Pos 

D509 

J 

R/H Pylon Swashplate F/A Motion 

D159 

K 

R/H Pylon Swashplate Lat Motion 

D160 

L 

R/il Pylon Transraission Oil Pressure 

P325 

K 

R/H Pylon Engine Oil Pressure 

P323 

N 

R/H Rotor Power for P/C Encoder 

— 

0 

R/H Rotor 1/Rev 

R018 

r 

R/H Rctor 5 12/ Rev 

R053 

A 

Right Pylon, Cable No. 2 (RP-2) 
Right F/A Cyclic Boost Actuator Force 

FI 6 2 

B 

Right Lateral Cyclic Boost Actuator Force 

F16 3 

C 

Right Collective Boost Actuator Force 

T164 

D 

Right Engine Inlet Case (FM) (6:30) j 

A525 


Right Engine Combustion Flange (FM) (9:00) > ^ 

A526 


Right Engine Combustion Flange (FM) (6:00).' 

A528 


Right Engine Gas producer NS RPM 

R503 

ii 

28 Vdc 

— 

I 

Right Pylon Atmospheric Pressure 

P594 

M 

Right Transmission Compt Static Pressure 

T505 

mm 

Right Pylon O.B. Cowl Support Strut 

F522 

■9 

Right Pylon l.B. Cowl Support Strut 

F52 3 

M 

N 

O 

Right Pylon Hydraulic Pressure (System #2) 

P153 

Right Pylon Tem^ Scanner Control Signal 

T506 

P 

Right Pylcn Temp Scanner Data Signal 



Notes : A Transducer radial position shown in parentheses 
(o'clock) 

/K Abbreviations: (PCM) - designated channel is on 

the PCM track bit system 
(PM) - designated channel is on 
the I’M data system 


UNf 0» G* <U*4 cn l*m in 

*r t K f rf\lr»M»Ar, or» !h? Iilif p* t r 
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TABLE 5-1. (CONTINUED) 


DISC 

— 

CHANNEL AND LOCATION 

1 

ITEM 

CODE 




Right Wing, Cable No. 1 (RW-1) 


A 

Right 

Wing 

Upper Panel BL-0 Outer Skin Stress 

S628 

B 

Right 

Wing 

Lower Panel BL-0 Outer Skin Stress 

S629 

C 

Right 

Wing 

Upper Panel 3L-0 Inner Skin Stress 

S609 

D 

Right 

Wing 

Lower Panel BL-0 Inner Skin Stress 

S610 

E 

Right 

Wing 

Beam Bend WS 22 

B600 

F 

Right 

Wing 

Chord Bend WS 22 

B60 3 

G 

H 

I 

Right 

Wing 

Torque WS 22 

M606 

Right 

Wing 

Front Spar Shear Upper WS 66 

S630 

J 

Right 

Wing 

Front Spar Shear Lower WS 66 

S631 

K 

Right 

Wing 

Rear Spar Shear Upper WS 66 

S632 

L 

Right 

Wing 

Rear Spar Shear Lower WS 66 

S633 

M 

Right 

Flap 

Drive Tube Torque 

M612 

N 

0 

P 

Right 

Flap 

Drive Tube Beam Bend 

B613 




Right Wing, Cable No. 2 (RW-2) 


A 

Right 

Flaperon Control Arm Force 

F614 

B 

Right 

Flaperon Beam Bend Force 

B6I5 

C 

Right 

Aileron Pos (Flaperon Actuator) 

D645 

D 

Right 

Pylon Conversion Act Force 

F611 

2 

Right 

Pylon Conversion Spindle Beam Bend 

B165 

F 

Right 

Pylon Conversion Spindle Chord Bend 

B166 

G 

Right 

Pylon Conversion Pos 

D161 

H 

Left Pylon 

Conversion Pos 

D186 

I 

Ri crn^. 

Wing 

Front Spar Shear Upper WS 142 

S634 

Ha 

Right 

Wing 

Front Spar Shear Lower WS 142 

S635 

HS 

Right 

Wing 

Rear Spar Shear Upper WS 142 

S636 

L 

M 

N 

0 

P 

Right 

Wing 

Rear Spar Shear Lower WS 142 

S637 

Flap Pcs 


D617 


Us« or oncKnure 31 MM on mu piqt s 
iuSiKt » m* f(it''Ct>oo on mi title mcp 















’dOZ2t 1 XUHffiO , 1WDntB> 


U' v *»”C** *c 


TABLE 5-1. (CONTINUED) 


301-099-022C 
T August 1980 



CHANNEL AND LOCATION 


Right Main Gear, Cable No. 1 (RMG-1) 


R/H Main Landing Gear Drag Strut Axial Force (Tension) F355 


R/H Main Landing Gear Oleo Strut Lat Bend 
R/H Main Landing Gear Drag Strut Axial Force 
(Compression) 

R/K Main Landing Gear Actuator Pos 
R/H Main Landing Gear Oleo Extension Pos 


B316 

F303 

D317 

D305 


Nose, Cable No. 1 (N-l) 


Nose Landing Gear Oleo Strut Lat Bend (Left) 
Nose Landing Gear Oleo Strut Lat Bend (Right) 
Nose Landing Gear Drag Strut Axial Force 
Nose Landing Gear Actuator Pos 
Nose Landing Gear Oleo Extension Pos 


B357 
B346 
F347 
D348 
D34 9 


Nose Boom Airspeed 
Nose Boom Altitude 
28V DC 

Nose Boom Angle of Attack 
Nose 3oom Angle of Sideslip 


: P002 
P342 

D008 
i D007 


Ui* O' 4'UMHu'r ol 0Mi or iri'i per 

» (»* rfilricl.on or !ftf Ml* out 
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TABLE 5-1. (CONTINUED) 



CHANNEL AND LOCATION 


Cockpit, Cable No. 1 (CP-1) 


Pilot F/A Cyclic Stick Force 
Pilot Lat Cyclic Stick Force 

Pilot Right Pedal Force 
Pilot Left Pedal Force 
Right Fuel Quan 
Left Fuel Quan 

Instr Panel OAT 
28Vdc (OAT) 

Radar Altimeter 


Cockpit, Cable No, 


Pilot F/A Cyclic Stick Pos 
Pilot Lat Cyclic Stick Pos 
Pilot Power Lever Pos 
Pilot Rudder Pedal Pos 
Pilot Flap Lever Po^ 


(CP-2; 


Pilot Seat Vert Accel 
Pilot Seat Lat Accel 
Co-pilot Seat Vert Accel 
Co-pilot Seat Lat Accel 
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TABLE 5-1. (CONTINUED) 


DISC 

CHANNEL AND LOCATION 

ITEM 

CODE 

A 

Cockpit, Cable No. 3 (CP-3) 
Right Engine Fuel Flow Rate 

R32o 

B 

Left Engine Fuel Flow Rate 

R32S 

C 

Right Engine Torque 

M3 3 5 

D 

Left Engine Torque 

M336 

E 

Interconnect Shaft Torque 

M337 

F 

Right Engine Njj RPM 

R338 

G 

Left Engine Ntj RPM 

R339 

H 

28Vdc 

— 

I 

J 

Inter-conm 

Left Engine Generator Volts 

E17 9 

K 

Left Engine Generator Amps 

E18 0 

L 

Right Engine Generator Volts 

E154 

M 

M 

Right Engine Generator Amps 

E155 

0 

Fuselaae Temp Scanner Control 

— 

p 

Fuselage Temp Scanner Data Signal 

T351 

A 

Cabin, Cable No. 1 (CAB-1) 
Cabin Roll Attitude Gyro 

D009 

B 

Cabin Pitch Attitude Gyro 

D010 

C 

Cabin Yaw Attitude Gyro 

D011 

D 

Cabin Roll Rate Gyro 

V012 

E 

Cabin Pitch Rate Gyro 

V013 

F 

Cabin Yaw Rate Gyro 

V014 

G 

Aircraft CG Accel (Servo) 

A352 

H 

28 Vdc Aircraft CG Accel (Servo) 

— 

I 

Aircraft CG Accel Vert 

A005 

J 

Aircraft CG Accel F/A 

A301 

K 

Aircraft CG Accel Lat 

A300 

L 

Diff Cyclic Washout Actuator Pos 

D318 

M 

F/A SCAS Act Pos 

D306 

N 

Lat SCAS Act Pos 

D307 

0 

P 

Dir SCAS Act Pos 

D308 
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TABLE 5-1. CONTINUED 



CHANNEL AND LOCATION 

’ 

ITEM 

CODE 

Empennage, Cable No. 1 (EMP-1) 


R/H Horiz Stab Spar Bm Bend BL 7.7 

B262 

R/H Horiz Stab Spar Bm Bend bL 65 

B264 

R/H Horiz Stab Spar Ch Bend BL 7.7 

B26 3 

R/H Horiz Stab Spar Torq Bend BL 8 

M266 

L/H Horiz Stab Spar Beam Bend BL 7 . 7 

B259 

R/H Vert Stab Bm Bend WL 109.95 

B27 0 

R/H Vert Stab Bm Bend WL 113.94 

B258 

R/H Elevator Drive Tube Torque 

M2 7 5 

R/H Elevator Beam Bend 

B274 

Empennage, Cable No. 2 (EMP-2) 


R/H Rudder Drive Tube Torque 

M2 7 6 

R/H Rudder Bm Bend 

B278 

L/H Rudder Drive Tube Torque 

M2 7 7 

L/H Rudder Bm Bend 

B280 

L/H Elevator Drive Tube Torque 

M2 7 9 

L/H Elevator Bm Bend 

B282 

R/H Elevator Pos 

D281 

R/H Rudder Pos 

D284 

Horizontal Stab Incidence Actuator Force 

F286 
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TABLE 5-1, 


(CONTINUED) 


DISC 

CHANNEL AND LOCATION 

ITEM 

CODE 


Left Main Gear, Cable No. 1 (LMG-1 ) 


A 



B 

L/H Main Landing Gear Drag Strut Axial Force 

F356 


(Tension) 


C 

L/H Main Landing Gear Oleo Strut Lat Bend 

B312 

D 

L/H Main Landing Gear Drag Strut Axial Force 

F313 


(Compression) 


E 

L/H Main Landing Gear Actuator Pos 

D314 

F 

L/H Main Landing Gear Oleo Extension Pos 

D315 

G 



H 

I 



J 



K 



L 



M 



N 



0 

P 




Left Winq, Cable No. 1 (LW-1) 


A 

L/H Flap Beam Bend 

B618 

B 

L/H Flap Drive Tube Torque 

M619 

C 



D 

L/H Flaperon Control Arm Force 

F621 

E 

L/H Flaperon Beam Bend 

E^22 

F 

L/H Aileron Pos (Flaperon Actuator) 

D646 

G 

H 

V 

-L 



J 

L/H Pylon Conversion Spindle Beam Bend 

B190 

K 

L/H Pylon Conversion Spindle Chord Bend 

B191 

L 

L/H Pylon Conversion Actuator Force 

F638 

M 



N 



0 

P 
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TABLE 5*1. (CONCLUDED) 


DISC 

CHANNEL AND LOCATION 

ITEM 

CODE 

A 

Left Rotor, Cable No. 1 (LR-1) 
Left Rotor Blade (Red) Bm Bend Sta 22. 8 

B130 

B 

Left Rotor Blade (Red) Bm Bend Sta 52.5 

B132 

C 

Left Rotor Blade (Red) Bm Bend Sta 75 

B134 

D 

Left Rotor Blade (Red) Bm Bend Sta 112.5 

B136 

E 

Left Rotor Blade (Red) Ch Bend Sta 52.5 

B133 

F 

Left Rotor Blade (Red) Ch Bend Sta 75 

B135 

G 

Left Rotor Blade (Red) Ch Bend Sta 112.5 

B137 

H 

Left Rotor Blade (Red) Torque Sta 52.5 

Ml 3 9 

I 

Left Rotor Blade (Red) Torque Sta 112.5 

Ml 3 8 

J 

Left Rotor Blade (Red) Stress L.E. Sta 9.5 

S147 

K 

Left Rotor Blade (Red) Stress T.E. Sta 9.5 

S148 

L 

Left Rotor Blade (Red) Feathering Pos 

D066 

M 

Left Rotor Hub Spindle (Red) Bm Bend 

B114 

N 

Left Rotor Hub Spindle (Red) Ch Bend 

B115 

0 

P 

Left Pitch Link (Red) 

F060 

A 

Left Rotor, Cable No. 2 (LR-2) 
Left Rotor Mast Parallel Bend 

B14 0 

B 

Left Rotor Mast Perpendicular Bend 

B141 

C 

Left Rotor Mast Torque (02) 

M14 3 

D 

Left Rotor Swashplate Driver 

F142 

E 

Left Rotor Gimbal Flapping Pos 

D14 4 

G 

Left Pitch Link (White) 

F061 

H 

Left Pitch Link (Green) 

F062 

I 

T 

Left Rotor Mast Torque (04) 

(Ml 4 3 ) 

K 

Left Rotor Hub Spindle Beam Bend (White) 

B192 

L 

Left Rotor Hub Spindle Ch Bend (White) 

B193 

M 

Left Rotor Hub Spindle Beam Bend (Green) 

B194 

N 

Left Rotor Hub Spindle Ch Bend (Green) 

B193 

0 

P 

Left Rotor Collective Act Pos 

D183 
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DISCONNECT HARNESS SCHEMATIC-KCYED EXPLANATION 



© 



© 

k DRAG STRUT FORCE 


NOTES 

0 WIRING OF THE KPT06-10-6P INPUT PLUG (TYPICAL FOR ALL INPUTS). ■ 

0 SENSOR PLUGS ARE DRAWN AS A 3 BY 4 MATRIX SO THAT THE SAME FORMAT 
MAY BE USED TO SHOW ANY 3 OR 4-PIN PLUG 
0 SENSOR CHANNELS ARE DESIGNATED FOR EACH J-BOX INPUT 

f SENSOR CONNECTORS ARE IDEN , IF I ED BY LINES TO THE 3-WIDE MATRIX. 

SENSOR CONNECTORS WHICH ARE CIRCLED (SEE SHEET 2 OF FIGURE 5-31 REFER 
TO AN ADDITIONAL DRAWING INSERTED AFTER THE BASIC J-BOX PRINT FIGURES 
5-4 AND 5-5 ARE EXAMPLES OF ADDENDUMS TO THE BASIC PRINT 

0 THE COLOR CODE IS DEFINED FOR THE INPUT SIGNAL CABLE. THE SHIELD IS CAR- 

RIED FROM THE VOLTAGE INPUT 

PIN 
A 
B 
C 
D 

© Figure 5-3 (SHEETS I AND 2) SHOWS SHORTING of pin j TO carry bridge VOLTAGE 
BACK TO LOW SIDE OF AMX CARD INPUT FOR POTENTIOMETER CHANNELS 

B SENSOR CONNECTIONS WHICH SHOW NO CONNECTOR NUMBER OR CONNECTOR 
PIN CALLOUTS ARE TERMINATED AT THE SENSOR TERMINAL BOARD WITH NO 
INTERMEDIATE SENSOR JUMPER CABLE INSTALLED IN THIS CASE. PIN A OF THE 
INPUT CABLE IS CONNECTED TO PIN A OF THE TERMINAL BOARD. B TO B. ETC 
© J BOX CONNECTORS ARE IDENTIFIED BY PLUG LETTER AND ITEM CODE 


COLOR CODE 

RED 

WHITE 

BLACK 

BROWN 


Figure 5-3. 


Disconnect harness for J-box location N-l 
(sheet 1 of 3) 
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“i-ura j- 3. Disconnect harness for J-box location -1. 
(Sheet 2 of 3) 
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Figure 5-10. BHT program board signal 

input wires disconnect #RP1. 
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Figure 5-19. BHT program board signal 

input wires disconnect #CP1 
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Figure 5-22. BHT program board signal 

input wires disconnect #N1. 
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Figure 5-24. BHT program board signal 

input wires disconnect #LMG1 . 
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Figure 5-25. BHT program board signal 

input wires disconnect #CABl. 
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SECTION 6. SENSOR INSTALLATION 


This section defines the installation of the research instrumen- 
tation transducers. 

6.1 Transducer Installation Worksheets . The installation of 
each research instrumentation transducer is covered by a lab 
worksheet or engineering sketch. The worksheet defines the 
transducer type and location, installatio procedure, lead ter- 
minations, and illustrates the instrumented component. Figures 
6-1 through 6-7 show the transducer installation worksheets for 
all sensors associated with j-box N-l which is the example used 
in Section 5. A complete set of worksheets for transducers in- 
stalled in Aircraft No. 1 is found in Volume II. Worksheets for 
Aircraft No. 2 are found in Volume III. A keyed description of 
information contained on the standard BHT instrumentation labora- 
tory worksheet is found in Figure 6-1. Bell Helicopter Textron 
Operating Procedure No. 13-OP-0401 (see reference 1) describes 
worksheets and documentation procedures for strain gaging of 
structural parts. 

6.2 Strain Gage Application . Procedures used to apply strain 
gages to structural parts are described in BHT Engineering Lab- 
oratory Operating Procedure No. 80-13-004 and 13-OP-0402 (see 
reference 2 and 3 ) . 
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Figure 6-1. Instrumentation laboratory worksheet - 
keyed description (Sheet 1 of 3) 
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NOTES 

Block 1 - MODEL NO. - Model number of the aircraft on which the 
instrumented part or component will be used. 

Block 2 - GAGE TYPE - Part number, type or catalog number of the 
gage installed on the part. 

Block 3 - DLN - Dai'y Labor Number assigned for direct engineer- 
ing labor cost. 

Block 4 - EWA NO. - Engineering Work Authorization number appli- 
cable to this job. 

Block 5 - RESISTANCE - Resistance of the gages used on the sub- 
ject part. 

Block 6 - LAB NUMBER - The sequentially assigned alpha-numeric 
designation which identifies the lab sheet. 

Block 7 - WORK ORDER - Work Order against which all labor and 
materials are charged. 

Block 8 - GAGE FACTOR - Index of strain sensitivity of the in- 
stalled gage. 

Block 9 - PART NO. - Part number of the part or component in- 
strumented. 

Block 10 - REQUESTED BY - Engineering requesting the instrumenta- 
tion. 

Block 11 - LOT NO. - The manufacturing lot number of the in- 
stalled gage. This number is assigned by the gage manufacturer. 

Block 12 - SERIAL NO. - The manufacturer's serial number assigned 
to the part or component being instrumented. This block is ap- 
plicaole only to serialized parts. 

Block 13 - TITLE OF TEST - The type of test that the part will be 
used in (e.g., flight test, fatigue test, bench test). 

Block 14 - SKETCH - A schematic representation of the part which 
illustrates the gage location, orientation and designation (e.g., 
01, 02, etc.). 


Figure 6-1. Instrumentation laboratory worksheet - 
keyed description (Sheet 2 of 3 ) 
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NOTES ( Concluded ) 

Block 15 - REMARKS - Vi rbal description of work to be done in- 
cluding any special instructions. 

Block 16 - BRIDGE - Type of bridge (e.g., bending, torsion, 
stress, axial) and bridge designation (e.g., 07, 08). 

Block 17 - BALANCE - Indication of the bridge balance network on 
a scale of 0-1000 (500 is a perfect balance). 

Block 18 - RES TO GROUND - The resistance (usually in megohms) 
from the bridge terminal to a conducting surface of the part. 

Block 19 - DATE ASSIGNED - The date the part is assigned to be 
gaged. 

Block 20 - TECHNICIAN - The technician responsible for applica- 
tion of instrumentation. 

Block 21 - EST HOURS - The amount of labor in manhours estimated 
to gage the part. 

Block 22 - DATE COMPLETED - The date that gaging of the part is 
complete. 

Block 23 - ENGINEER - The engineer responsible for the gaging. 

Block 24 - ACT HRS - Actual manhours used to complete the gage 
installation. 

Block 25 - APPROVED BY - The individual responsible for approving 
the materials and procedures used to gage the part. 

Note 26 - "TEM CODE - The measurement item code is usually noted 
on the lab work sheet for each bridge. 


Figure 6-1. Instrumentation laboratory worksheet - 
keyed description (Sheet 3 of 3) 
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SECTION 7. SENSOR CALIBRATION 


This section establishes calibration requirements, procedures, 
re-calibration intervals, and documentation requirements for 
XV-15 research instrumentation sensors. 

7.1 Sensor Installation and Calibration . Sensors are installed 
in the aircraft during assembly. All strain-gaged components are 
calibrated prior to installation on the aircraft except where 
this is not practical (e.g., wing and landing gear strain gages). 
Position sensors are calibrated after installation on the air- 
craft and after completion of positive identification and sign 
convention checks (see Section 9). Accelerometer and pressure 
sensors are calibrated prior to aircraft installation using lab- 
oratory procedures. With the aircraft level, the attitude gyros 
will be installed and shimmed to give zero output between caged 
and uncaged positions for pitch and roll attitudes. When all 
sensors have been calibrated, installed on the aircraft and all 
signal cables have been connected to the data package, checkout 
of each data channel can begin (see Section 9 for checkout proce- 
dures ) . 

7.2 Calibration Retirements . Calibration requirements for re- 
sear ch - Tnstrumintation - ^haXr be in accordance with MIL-C-45662. 
All transducers are to be calibrated by applying increasing and 
decreasing stimuli in both negative and positive directions. 
This process will provide linearity and hysteresis data over full 
scale range. Data from digital readout equipment will then be 
computer processed to provide best straight line fit to all 
points and these deviations will become the basis for acceptance 
or rejection of the calibration. Total error (deviation from 
straight line) is not to exceed ±3 percent of full scale. If 
deviations greater than ±3 percent cannot be avoided, then spe- 
cial considerations must be taken. The best straight line cali- 
bration data will be published as "Engineering Units/IOOK Step." 

7.2.1 Strain Gages . Strain gaged structural parts are cali- 
brated in accordance with BHT Procedure No. 80-13-005 (reference 
4). Strain gage transducers installed on the XV-15 are of the 
foil bonded type. These gages are applied under controlled con- 
ditions with BR600 cement, baked out and then covered with Shell 
956.3 covering. Large parts, such as main rotor blades and the 
empennage, which cannot be oven-baked, use Eastman 910 cement and 
the same Shell 956.3 covering. All gages ar configured as four 
active arm bridges of approximately 3500 resistance. Calibration 
is performed by application of actual working loads using appro- 
priate laboratory test fixtures. These loads are related to a 
standard load by using calibrated pressure gages and hydraulic 
cylinders. Gage output is recorded with a calibration computer, 
printing digital voltmeter, and scanner. Every effort shall be 
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made to match cylinder and gage size to required full-scale cali- 
bration load. Acquisition of calibration data for strain gaged 
parts is covered by BHT Procedure No. 13-OP-0501 (reference 5). 
The following list relates full-scale accuracies of load applying 
devices : 


a. 

Hydraulic cylinder 
( friction , dimensions ) 

±1% Full 

Scale 

b. 

Pressure gages 
(hysteresis, linearity) 

±1% Full 

Scale 

c. 

Digital printing system 
Total error at room temperature 

±0.5% Full Scale 

d. 

Human error reading 
Pressure gage 

±1% Full 

Scale 


Calibration RMS Error = ±1.8% Full Scale 

When multiple gage parts are calibrated (rotor blades, etc.), all 
channels are monitored during load application in each direction 
(beam and chord). These data provide cross talk information. If 
cross talk is greater than ±5 percent of full scale, the regaging 
is generally performed to reduce cross talk. Data are available 
that can be used to correct cross talk if desired. Calibration 
documentation and records are in accordance with BHT Procedure 
No. 13-OP-503 (reference 6). 

7.2.2 Position Transducers - Linear and Rotary . All position 
transducers are calibrated on the test vehicle after electrical 
displacement has been optimized for maximum mechanical displace- 
ment by adjusting the amplifier gain. A clinometer and protrac- 
tor are used to calibrate rotary potentiometers, and a dial indi- 
cator and 12 inch scale are used for linear potentiometers and 
LVDT’s. Transducer output is recorded at the output of the 
flight line tester in bit count. 

Calibration accuracies for position transducers are as follows : 

a. Clinometer ±1 minute = ±0.009 percent (full scale = 180 
degrees ) 

b. Dial indicator ±0.002 inch = ±0.13 percent (full scale 
= 1.5 inches) 

c. Human reading error = ±0.5 percent 

Calibration TMS error = 0.50 percent clinometer 

= 0.52 percent dial indicator 
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7.2.3 Accelerometers t.nd Gyros . All accelerometers shall be 
calibrated in the laboratory by the Standards and Calibration 
Group. An Unholtz -Dickie Model MA-351 accelerometer calibration 
system is used to obtain a calibration accuracy of ±2 percent. 
Standard plots are made to show frequency response characteris- 
tics at a known G-level . 

Rate gyros are calibrated on a turntable whose speed is known to 
within ±0.1 percent of reading. Attitude gyros may be calibrated 
either in the laboratory or on the aircraft. Attitude gyros are 
calibrated on a tilt table whose accuracy is known to be within 
±1 minute. 

7.2.4 Pressure Transducers . These transducers are calibrated by 
applying stimulus under laboratory conditions. Standard pressure 
is placed on transducers and millivolt output is recorded from a 
digital voltmeter. Data are tabulated through full scale range 
of the transducer. 

7.2.5 Thermocouples . All thermocouples are indicated on a digi- 
tal display designed and built by BHT. The total system error 
(reference junction, system noise, t>HT circuitr") is ±6°F. The 
wire is specified as (iron-constantan J type) (32° to 530°F) 
±4°F, (530 to 1400 degrees) ±3/4 percent of reading. Each roll 
is sampled by the Standards Laboratory and a correction is pub- 
lished to be applied to the data. Data going directly into the 
data system will only have reference junction error associated 
with it, ±2°r. 

7.2.6 Panel Instruments . These units are calibrated by applying 
stimulus under laboratory conditions. The criterion of using a 
standard 10 times more accurate than the test instrument is ap- 
plied. Data are tabulated as deviation from standard through 
full-scale range of the unit. Accuracy of applied stimulus is 
listed below: 

a. Airspeed ±0.015 percent of reading 

b. Attitude ±0.015 percent of reading 

c. Rate of climb ±0.1 percent of reading 

d. Tachometers ±0.1 percent of reading 

e. Fluid pressure ±0.2 psi 

7.3 Calibration Intervals . Recommended calibration intervals 
for XV- i 5 research instrumentation are specified in BHT I0M 
86 : ASW:mc-3710 (reference 7). 

7.4 Calibration Sheets . Calibration of each sensor is docu- 
mented by a calibration data sheet. Figure 7-1 through 7-8 show 
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the calibration sheets for all sensors associated with j-box N-l 
which is tb~ example used in Section 5. A complete set of cali- 
bration sheets for all sensors installed in Aircraft No. 1 is 
found in Volume II. Calibration sheets for Aircraft No. 2 are 
found in Volume III. 


7-4 



toll ItoHcopt mr 


TEXTRON 


**■£ S 

OF ' t_ 


301-099-022C 
8 August 1980 



Uif Of fliwKnuff of MU on mu Mqf u 
»u#l»Cl to in* ffjlnclion on m* Ml* Mq* 


5 






































ltd HtHcopUr 


TEXTRON 


**»i*c r *K 


ORIGINAL PAGE IS 
or POOR OUAUTV 


301-099-022C 
8 August 1980 


















B*U HUcoplTpaEgU 

Di»'i>O n O* TfelrO" l«c 

IGiNAL PAGE IS 
OF POOR QUALITY 

301-099-022C 
8 August 1980 





Figure 7-1. Noet gear etrut bending. 
(Sheet 3 of 3) 
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Figure 7-2. Nose gear draq strut force. 
(Sheet 1 of 4) 
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Figure 7-2. Nose gear drag strut force. 
(Sheet 2 of 4) 
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DEFINITIONS 


1. Calibration Sheet * Identification of printout as a 
calibration sheet 

2. Lab Engineer: Whitener - The individual responsible for 

Che measurement data when the part is installed on aircraft 

3. Data Analyst: Mary Lou Wright - The individual who checks 

data and puts it in the computer for calibration number 

4. Lab Technician: Anderson - The individual who records data 

during calibration 

5. Project: 301 Flight Test - Project that will use the part 

6. Lab No.: 11349A01 - Number assigned to this part when it 

is sent to lab for gaging and calibration 

11349 - Number assigned to part 

A - Number of times the part has been calibrated (A-lst, 
B-2nd, C-3rd, etc.) 

01 - If there is more than one (1) gage on the part, this 
number identifies the gage 

7. Cal. Date: 1-16-78 - The date the part was calibrated 

8. Serial No.: None - This is BHT serial number for this part 

(if serialized) 

9. P/N: None - BHT part number for this part 

10. Item Code: F347 - This is item code number assigned to 
part/gage for data acquisition 

11. Part Name: Rod End - General name for part 

12. Channel: 03 - Pos Axial Loading - Channel number of the 

calibration data system (pos axial loading - what type load 
was applied) 

13. Calibrate Equivalent: 

100K = 25159 Pounds - Cal step equivalent (used on XV-15) 
Unit Cal « 28536 Pounds/MV/V - Cal step equivalent (used 

on BHT FM system) 


Figure 7-2. Nose gear drag strut force. 
(Sheet 3 of 4) 
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Definitions (Cont’d.) 


14. Bridge Res.: 350.00 - Resistance of bridge 

15. Gage Factor: 2.120 - Gage factor for this set of gages 
taken from spec sheet with gage package 

16. Bridge Volts: 6.00 - Actual voltage applied to gage during 

calibration 

17. Pre. Cal.: 5.29 - Mv output obtained by placing a 100K 

resistor across the CD leg of bridge before calibration 
loading begins 

18. Post Cal.: 5.29 - Same as Item 17 except done after com- 

pletion of calibration 

19. Jack Fac.: 0.0018 PSI/LB - The conversion factor from psi 

to lbs for the particular hydraulic cylinder use on the 
calibration 

20. Lever Arm: None - Distance between place where load is 

applied and gage location 

21. Cal. Res.: 100K - The precision (1%) resistor that is 

placed across the CD leg of the bridge to get calibration 
equivalent 

22. Loads-Std-Mv - Standard load applied to part before jack 
factor correction 

23. Load-Pounds - Load applied to part after jack factor 
correction 

24. Output-MV - Output in Mv from gage 

25. 6 26. Variation from Mean Line - These are how far off the 

Millivolts Pounds best straight line that 

each of these points fall 
off in millivolts and pounds 

27. Maximum Calibration Load: 8124 - Max lo«. ' used in calibra- 

tion of the part 

28. BKC Program FCCR33 - Run Date: 02-03-7 - The BHT computer 

program number used for this calibration 

Figure 7-2. Nose gear drag strut force. 

(Sheet 4 of 4) 
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SECTION 8. SPECIAL CIRCUITS 


This section describes the special circuits developed for the 
Active Network Panel (ANP). Active network circuits are in- 
stalled to provide special processing for transducer signals 
which are not compatible with the RMDU and for other special pur- 
pose instrumentation requirements. 

8.1 Active Network Panel . The active network panel is installed 
on the instrumentation pallet. The panel contains 23 card slots 
for special purpose circuits. Table 8-1 identifies the special 
circuit cards currently in use in the active network panel . 

8.2 Mean/Peak- to-Peak Detector (Card Slots 9 and 10) . Card No. 
301ASW220-1 is a mean/peak-to-peak detector card used to condi- 
tion signals for the critical function monitors (Figures 1-8 and 
1-9). The two research instrumentation chanels selected for 
cockpit display are blade beam bending at Station 52.5 (card slot 
9) and F/A hub flapping (card slot 10). Figure 6-1 shows an 
electrical schematic of the mean/peak-to-peak detector card No. 
301ASW220-1. 

8.2.1 Signal Flow . Figure 8-2 shows the signal flow from the 
strain 'rage to the critical load meter display (blade bear, bend- 
ing). Figure 8-3 shows the signal flow from the transducer to 
the hub spring flapping indicator. The signal flows from trans- 
ducer to the program board where it is patched to the correct PSF 
channel in the RMDU. The RMDU places the signal in the assigned 
location of the PCM format. A buffered output from the PSF card 
is brought back to the program board and patched into the as- 
signed cara slot in the active network panel. 

8.2.2 Mean/Peak-to-Peak Card Setup . Card No. 301ASW220-1 con- 
tains a MEAN/P -P switch, zero, and gain adjustments located as 
shown on Figure 8-4. The mean detector circuit contains zero and 
gain adjustments. The peak- to-peak detection circuit is a simple 
rectifier circuit with a gain adjustment only. These gain ad- 
justments allow various signal input levels to the conditioned 
for compatibility with the 0-100 micro-amp meter used as the dis- 
play. 

8.3 Digital St. ck Position (Card No. 11) . The digital stick 
position control card located m card slot 11 of the active net- 
work panel contains all the circuitry to drive the control posi- 
tion indicator display (Figure 1-12) as well as gain and balance 
adjustments to se; up the zero and 100 percent positions for each 
control. Adjustment potentiometer locations are shown on Figure 
8-5 for each of the four control position displays. 

A schematic wiring diagram of the digital stick position control 
card (card No. 11) is shown on BHT drawing SKHD3-20-78-3 (Figure 
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8-6 ) . The drawing also shows the card electrical interface with 
the active network panel. Interface between the active network 
panel and control position indicator and position potentiometers 
is through plug "E" on the instrumentation pallet (see Figure 

8 -~ ) . 


8.4 Temperature Scan Control (Card No. 12) . The temperature 
scan control card contains the circuitry to produce a serial code 
which controls the three remote temperature scanner units. Dur- 
ing normal operation this serial code directs a given temperature 
scanner to read one of thirty thermocouple signals manually se- 
lected by a crew member at the temperature monitor (Figure 1-10). 
When the prime data is selected the scan mode of operation is 
automatically initiated and is terminated when prime data is 
turned off or at the end of one complete scan cycle (thirty ther- 
mocouples ) . The control card also monitors the temperature ref- 
erence junctions, checks for the presence of a readable serial 
code, checks for proper power supply operation, and generates a 
fault signal if a system malfunction is detected. 

A schematic wiring diagram for the temperature scanning system 
control card is shown in BHT drawing SKHD3-20-78-2 (Figure 8-8). 
The drawing also shows control card interface with the active 
network panel. Interface between the active network panel and 
the temperature monitor and remote switching units is through 
plug "E" on the instrumentation pallet (see Figure 8-7). Loca- 
tion of adjustment controls and test points is shown on Figure 
8-9. Setup procedures for the temperature scanning system are 
covered in Section 9. 

8.5 Temperature Scanner ADC (Card No. 13) . The temperature 
scanner e T "log-to-digital converter card contains the circuitry 
to convert the conditioned analog temperature signal to digital 
format for the temperature monitor cockpit display. The circuit 
card is illustrated in Figure 8-10. An electrical schematic for 
the card is shown on BHT drawing SKHD3-20-78-2 (Figure 8-8). The 
card is installed in card slot No. 13 of the ANP. Interface be- 
tween the ANP and temperature monitor is through plug "E" on the 
instrumentation pallet (see Figure 8-7). 

8.6 Rotor Azimuth Circuit Card . The rotor azimuth circuit card 
P/N A14117-D42 is a GFE circuit card installed in ANP card slots 
14 and 15. This circuit contains a buffer amplifier which pro- 
vides isol<_' ion for the rotor azimuth encoder circuitry. 

8.7 Temperature Scanner (Card No. 16) . Temperature scanner card 
No. 16 provides signal conditioning for the temperature display. 
A schematic wiring diagram for circuit card No. 16 is shown on 
BHT drawing SKHD3-20-78-2 (Figure 8-8). The drawing also shows' 
card interface with the active network panel. Location of con- 
trols and adjustments is shown on Figure 8-11. 


fe7 


8-2 



TEXTRON 


J\* >r jtv "c t y. aj'j 'f' i*>;r \ * 1 t •* t '*\I»nW -v* the !rt* 

I " — — — — - 


301-099-022C 
8 August 1980 


8.8 Data Control Word ( Card No . 1 7 ) . A twelve-bit data control 
word li generated by card No. 1? in the active network panel . 
The control word is located in the PCM tit stream directly after 
the subframe ID counter and contains information used both in 
data reduction and pr flight checkout. Bits one through six are 
used to drive computer interrupts in the data reduction process. 
Bits seven through twelve can be monitored either during flight 
or preflight checkout in order to control system faults. 

8.8.1 Wiring Diagram . A schematic wiring diagram of the data 
control word card No . 17 is shown in BHT drawing SKHD3-20-78-1 
(Figure 8-12). This drawing also shows the electrical interface 
between the card and the active network panel. Figure 8-13 shows 
the location of test points and adjustment potentiometers. 

8.8.2 Data Control Word Bit Designation . The data control word 
bit designation is shown in Figure 8-l4*. The following list de- 
scribes the function of each bit of the control word. 

BIT #1 (R/H AZIMUTH) - This bit goes high for at least one main- 
frame each time the R/H red blade passes the 0 degree position 
(red blade aft). The bit may stay high for more than one main- 
frame. 

BIT #2 (L/H AZIMUTH) - This bit goes high for at least one main- 
frame each time the L/H red blade passes the 0 degree position 
(red blade aft). The bit may stay high for more than one main- 
frame. 

BIT #3 (FAULT LIGHT) - This bit goes high whenever the fault 
light on the instrumentation control panel comes on and stays on 
until the copilot resets the fault light by pressing the reset 
button on the control panel. The fault light is turned on by 
either a bridge voltage error, a loss of either rotor azimuth, 
the loss of either PCM bit stream or a fault detected by the tape 
deck internal fault logic. 

BIT #4 (R-CAL) - This bit goes high one quarter second after the 
R-CAL button is pushed and goes low immediately when the button 
is released. The one quarter second delay is to allow the data 
to settle before signalling the computer to read the R-Cal 
values. 

BIT #5 (PRIME DATA) - This bit is high during prime data and low 
during non-prime data. 

BIT #6 (DATA) - This bit is low during prime data and high during 
non-prime data. 

BIT #7 (TAPE LOW) - This bit goes high when the tape low light on 
the instrumentation control panel comes on. This occurs approxi- 
mately five minutes before the end of the tape. 
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BIT #8 (NO TAPE MOTION) - This bit goes high when the tape deck 
is stopped. 

BIT #9 (EXCITATION FAULT) - This bit goes high when the bridge 
voltage goes lower than 5.7v or higher them 6.3v at the power 
supply. A fault detected by this circuit will also turn on the 
fault light and the fault bit (#3). The excitation fault bit 
goes low when the fault is cleared. It does not stay high until 
the fault light is reset. 

BIT #10 (IDENTIFICATION BIT) - This bit is low for RMDU "A" and 
high for RMDU "B." 

BIT #11 (AZIMUTH FAULT) - This bit goes high when either azimuth 
circuit goes more than one second without producing an azimuth 
pulse. A fault detected by this circuit will normally turn on 
the fault light and the fault bit (#3), but a switch is provided 
on card No. 17 of the active network panel to disable this link 
for ground checkout and ground run, where data is often taken 
without the rotors turning. This bit is only high when a fault 
exists; it does not stay high until the fault light is reset. 

BIT #12 (TAPE DECK FAULT) - This bit goes his when the tape 
fault logic in the Astro Science tape deck siq. s a fault. A 
tape deck fault also turns on the fault light ai the fault bit 
(#3). This bit is high only when a tape fault is signaled. 

8.9 Stepper Position Interface (Card No. 18) . The stepper posi- 
tion fnterface card, P/N A14117-C24, is a GFE card which provides 
signal distribution for the scanni valve encoder function. Figure 
8-15 shows the location of test points provided on the stepper 
position interface card. 

8.10 Fuel Quantity Jumper (Card No. 19 and 20) . The fuel quan- 
tity jumper cards (P/N 301ASW19 and 301ASW20) provide signal dis- 
tribution for the left and right fuel quantity measurement chan- 
nels. These cards are installed in ANP card slots 19 and 20. 
Figure 8-16 shows the location of test points provided on the 
fuel quantity jumper card. 

8.11 Record Number Jumper (Card No. 21 and 22) . The record 
number jumper cards (P/N 301ASW21 and 301ASW22) provide signal 
distribution for the record number function. These circuit cards 
are installed in ANP card slots 21 and 22. Figure 8-17 shows the 
location of test points provided on the record number jumper 
card. 

8.12 Tape Speed Control ( Card No . 23 ) . The tape speed control 
card (P/N Ai4117-Dl7) is a GFE circuit card installed in ANP card 
slot No. 23. This card provides the tape transport speed control 
function. Figure 8-18 shows location of adjustments, controls, 
and indicator lights provided on this circuit card. 
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Figure 8-5. Digital stick position card 
(ANP card slot 11} 
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Figure 8-7. Instrumentation pallet plug "E" 
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Figure 8-9. Temperature scanner control card 
(ANP card slot 12) 
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Figure 8-11. Temperature scanner card 
(ANP card slot 16) 
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Figure 8-12. Data control card wiring (ANP card slot 17) 
( .ieet 2 of 7) 
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Figure 8-13. Data control word card 
(ANF card slot 17) 
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Figure 8-14. Control word bit designation. 
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Figure 8-15. Scannivalve stepper i .ition interface card 
(ANP card slot 18) 
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Figure 8-16. Fuel quantity jumper card 
(ANP card slots 19 and 20) 
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Figure 8-17. Record number jumper card 
(ANP card slots 21 and 22) 
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Figure 8-13. Tape speed control card 
(ANP card slot 23) 
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SECTION 9. OPERATING TECHNIQUES AND CHECKOUT PROCEDURES 


This section establishes the techniques and procedures to be used 
for operation and checkout of the XV-15 research instrumentation 
system. These procedures include system power and control check- 
out, sensor setup, and preflight checkout of the research instru- 
mentation system. 

9.1 System Power and Control Checkout . The sample check list 
shown In Table 9^1 may be used while performing the following 
checks . 

9.1.1 Initial Power Application . After instrumentation pallet 
installation, all power, control, and signal cables shall be con- 
nected and power applied to the system. For initial power appli- 
cations, all circuit breakers should be open and power control 
switches placed in the OFF position. 

a. Energize the aircraft 28 Vdc bus No. 2 and close the 
two 50-amp instrumentation circuit breakers located in 
the aircraft's master power distribution box. Position 
the power switch on the control monitor (Figure 1-7) to 
the PWR ON position. This will supply 28 Vdc power to 
plugs "C" and "F" on the instrumentation pallet and 28 
Vdc input power to the 115 Vac 400 Hz static inverter. 

b. Check for correct 28 Vdc power distribution to the sta- 
tic inverter by measuring the voltage at the inverter 
connector. See Figure 4-1 for connector pin numbers. 

c. Check for correct 115 Vac, 400 Hz power distribution to 
the instrumentation pallet by measuring the voltage at 
plug "C." Check for correct 28 Vdc power distribution 
to the instrumentation pallet by measuring the voltage 
at plugs "C" and "F. " See Figure 4-1 for connector pin 
numbers . 

d. Energize research instrumentation equipment indivi- 
dually by closing the associated circuit breaker lo- 
cated on the instrumentation pallet circuit breaker 
panel (see Figure 4-3). 

9.1.2 Control Function Checkout . When input power has been 
determined to be correct, close all circuit breakers. Load a 
reel of tape on the tape transport and check the following con- 
trol functions . 

a. Tape start - stop - the tape start-stop switch on the' 
control monitor will be turned on and off while watch- 
ing the tape deck to see if it starts and stops cor- 
rectly. 
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b. Tape motion light - while the tape start-stop switch is 
in the start position and the tape deck is running, 
observe the tape motion light to ensure that it is on. 

c. Prime data light - with the tape running, push the pi- 
lot's stick prime data trigger and see if the prime 
data light comes on, push the pilot's stick trigger 
again to ensure it goes off. Repeat this procedure 
with copilot’s stick prime data trigger and data pack- 
age trigger to ensure that these triggers perform cor- 
rectly. 

d. Fault light - momentarily short out the bridge voltage 
and check that the fault light comes on. 

e. Fault reset switch - push in the fault reset switch to 
see if the fault light goes out. 

f. Tape remaining light - run the tape deck to the point 

that approximately 5 minutes of tape remains and check 

that the tape remaining light comes on. 

g. Record number update - push the pilot and copilot prime 

data stick triggers on and off. Observe that the re- 

cord number updates each time prime data is turned off. 
Check to ensure that the control monitor and the time 
code generator display the same record number. 

h. Check pilot's time code display to ensure that it is 
functioning properly and that both display and time 
code generator show the same time. 

9.2 Sensor Setup . A sensor setup configuration shall be deter- 
mined for the PCM format. A sample PCM system sensor setup form 
is given in Table 9-II. Table 9-III (RMDU A) and 9-IV (RMDU B) 
show a sample PCM format location and gain for each sensor item 
code (see PCM setup sheets for latest configuration). When a 
final setup configuration has been determined, the program board 
will be patched in and its checkout will run concurrently with 
the checkout of the data channels. Any incorrect patches will be 
revealed and corrected during this checkout phase. The sensor 
se^up sheet (Table 9— 1 1 ) can be used as the sensor pass/fail 
checkout sheet. When all channel.; have been checked to ensure 
that a data channel is in each xocation as designated by the 
setup sheet, tests will be performed to positively identify and 
establish sign conventions for each channel. 

9.2.1 Positive Identification . Positive identification of a 
channel is a means ol ensuring that the designated parameter 
shown on the setup sheet is truly in that position in the data 
system. By using the flight line tester, each data channel can 
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be dia3ed up and monitored while it is being checked. The fol- 
lowing means of positive identification may be used for positive 
identification of each type of sensor: 

a. Accelerometers - with the accelerometer unbolted, it is 
given a ”2.g" turnover (turning it 180 degrees on its 
active axis). This gives 2 g's worth of sensor output 
at the monitor. 

b. Strain gages - using a 100K probe as a simulated load, 
probe across one leg of the bridge at the terminal 
board for the particular channel. This will give an 
output at the monitoring equipment. 

c. Position potentiometers - with the wiper arm free to 
move, rotate the wiper arm which produces a simulated 
motion of the part under consideration which produces 
an output at the monitoring equipment. 

d. Pressure - pressure is applied to the open port of the 
sensor and this load produces output at the monitoring 
equipment. 

e. Gyros - with the gyro base free to rotate, the gyro is 
rotated in the desired axis and this simulated aircraft 
motion produces output at the monitoring equipment. 

f. Temperature - with the temperature scanner set to the 
desired location, the thermocouple is heated with some 
heat source (soldering iron, heat gun, etc.) and the 
output is monitored. 

g. Rotor azimuth - output of the encoder (1/rev or 512/ 
rev) is monitored on the oscilloscope while the rotor 
is being rotated. 

9.2.2 Sign Convention After all channels have been properly 
identified using the procedure of 9.2.1, any discrepancies such 
as faulty wiring or incorrect patching shall be corrected. Chan- 
nel sign conventions will then be checked using the procedure of 
dialing up each individual channel with the flight line tester 
and monitoring the electrical output signal for a given mechani- 
cal input load. To minimize confusion, all sign conventions will 
be taken with the aircraft in helicopter mode. For conversion 
and airplane mode operation, all sign conventions will be with 
reference to the helicopter mode. Table 9-V is a list of stand- 
ard sign conventions which will be used except as otherwise noted 
on the aircraft setup sheet. General rules for sign convention 
are as follows: 
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Trace moves upscale when: 

a. Tension loads increase 

b. Motions occur to right, forward or up 

c Temperatures, pressures, flows, etc. increase 

d. For stress bridges, tension occurs in CD leg of bridge 

e. Displacement or velocity at a transducer is forward, 
right or up 

f. For unoriented bending bridges, tension occurs in the 
CD leg of bridge 

9.2.3 Noise Level . Noise level for each channel should not ex- 
ceed ±20 counts (±2 percent of full scale) on the flight line 
tester. 

9.3 Temperature Scanning System Setup Procedure . A flow diagram 
for the temperature scanning system is shown m Section 4. Sche- 
matic diagrams of system components are contained in Volume IV. 
The thermocouple scanning system is set up using the setup sheets 
shown in Table 9-VI and the following procedures. 

9.3.1 Control Signal Checkout . The following procedure shall be 
used to test the random access thermocouple channel selection 
function. 

a. Using a dual beam oscilloscope, connect the upper beam 
to blue terminal No. 1 of Card No. 12, logic card in 
the active network panel. Connect the lower beam to 
blue terminal No. 2, common to the black terminal, and 
Ext Sync to the gray terminal of the same card (see 
Figure 8-9). A pattern six bits l’ong should be pres- 
ent. The pattern will be centered about common on both 
traces and the lower beam will be the exact inverse of 
the upper beam. Set the potentiometer on card No. 16 
for a bit pattern 20 msec in length from first bit to 
first bit. 

b. With the instrumentation system in the non-prime data 
mode, select channels 100 through 129 on the control - 
display panel. Check the scope as each number is 
dialed to see that the six bit code corresponds to the 
number dialed in binary coded decimal (BCD). 

9.3.2 Reference Junction Monitors . Set the adjustme:.t potentio- 
meter located m the rear of the remote temperature scanner logic 
box (P/N SKASW-5479-1 ) to the full counterclockwise position. If 
the thermocouple reference junctions have not had 30 minutes to 
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reach operating temperatures, allow sufficient time for them to 
heat. The fault light on the control monitor should now be off. 
Starting with any remote switching unit, turn the potentiometer 
clockwise until the fault light comes on, then back counterclock- 
wise 1/2 turn. Repeat this procedure for each remote temperature 
scanner logic box. 

9.3.3 Temperature Monitor . The following procedure shall be 
used to calibrate the temperature monitor (Figure 1-10). 

a. Select channel 000 on the temperature monitor. Connect 
a short piece of wire between the orange and red test 
terminals of card No. 17 (Figure 8-13) in the active 
network panel. Adjust BAL 1 of the same card for a 
reading of 212 °F on the temperature monitor. 

b. Replace the jumper wire between the orange and red test 
terminals with a 17.9 mv voltage source. Adjust GAIN 1 
until the temperature monitor reads 1000 °F. 

c. Select channel 005 on the temperature monitor. Replace 
the shorting wire between the orange and red test ter- 
minals. Adjust BAL 2 for an output of 212°F. 

d. Replace the jumper wire between the orange and red ter- 
minals with a -6.16 mv voltage source. Adjust GAIN 2 
for an output of 0°F. 

e. Repeat the adjustments of BAL 1, GAIN 1 and BAL 2, GAIN 
2 as necessary until both voltage settings produce the 
proper output without further adjustments. 

9.4 Control Position Indicator . The following procedure shall 
be used to calibrate the digital control position indicator (Fig- 
ure 1-12). 

a. Adjust each stick position transducer (linear or rotary 
potentiometers) so that its center of travel corres- 
ponds approximately with the center of travel of its 
respective control stick or pedal . 

b. Connect external hydraulic power to the ship and deter- 
mine the full throw posit ons of each control. 

c. Place the lateral cyclic stick in the full left posi- 
tion. 

d. Locate the adjustment potentiometers visible on the 
front of ANP card No. 11. Gain and balance controls 
are provided for each control position function (see 
Figure 8-5). 
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e. Adjust the LAT BAL control to the point where the lat- 
eral position indicator switches from "1" to "0." 

f. Place the lateral cyclic stick in the full right posi- 
tion. 

g. Adjust the LAT GAIN control to the point where the lat- 
eral position indicator switches from "98" to "99." 

h. Go back and forth between 0 and 99 percent, adjusting 
both balance and gain controls until both zero and 99 
percent positions are correctly indicated. 

i. Repeat steps 4 through 8 for the other position indica- 
tors . 

9.5 Scannivalve Setup . Schematic and flow diagrams for the 
pressure scanning system are shown in Section 4. Checkout of 
scannivalve data channels is accomplished with the flight line 
tester using the following procedures. 

a. The flight line tester shall be dialed to the item code 
and channel number that the scannivalve setup sheet 
(Table 9-VII) calls out for the scannivalve port undt r 
test. 

b. Set the control switch on the scannivalve control box 
to the "home disable" position. 

c. Using the scannivalve setup sheet (Table 9-VII), check 
port No. 1 for positive identification and sign conten- 
tion to ensure that the system is working. This can be 
done by applying test pressure to port No. 1 using a 
piece of tubing and a low pressure source (mouth, pres- 
sure bulb, etc.). 

d. when assured that the data channel for port No. 1 is 
functional, step through each of the remaining ports 
and check them for positive identification and sign 
convention by applying pressure to each port. 

e. when the manual sequence has been checked, put the con- 
trol switch on the scannivalve control box to "AUTO" 
and push the prime data trigger switch on the p'.lwt's 
cower lever. This should step the scannivalve at a 
4/sec rate [driven by the scannivalve control card 
( SVD ) in RMT’U A] . 

f. When assured that both "MANUAL" and "AUTO" modes of the' 
scannivalve circuitry work correctly, and checkout of 
the scannivalve system is complete. 
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c .6 Shaft Encoder Setup and Checkout . The rotor azimuth shaft 
encoder will be set up with the aircraft in helicopter mode. 

9.6.1 Right Rotor . The shaft encoder for the right rotor azi- 
muth shall be set up foi correct positioning using the following 
procedure . 

a. Rotate the right-hand rotor so that the tip of the red 
blade is pointing directly aft. 

b. Loo. an the hold-down screws that fasten the shrft en- 
coder to the right-hand rotor. 

c. With an oscilloscope connected to the output of the 
encoder, rotate the case of the encoder . -*til the index 
pulse occurs. 

d. Tighten the hold-down screws and rotate the rotor to 
ensure that the index pulse occurs when the red blade 
is directly aft. 

9.6.2 Left Re : or. The shaft enccdei for the left rotor azimuth 
shall be set up using the procedure of 9.6.1 for the left rotor. 

9.7 Preflight Checks . Pre flight checkout procedures for the 

IT/- 15 research instrumentation system are given in Table 9-VIII. 
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TABLE 9-1. XV-15 SYSTEM F.^S/FAIL CHECKOUT SHEET 


XV- 15 MODEL 301) SYSTEM F ASS/FAIL CHECKOUT SHEET (Exanpie' 
SHIP * 



P^OdEDURE 

REFERENCE 

PASS 

FAIL 

REASON FOR 
FAILURE 

INITIALS 

1. DC Power to Date System 

9.1.1 (a; 





2. DC Power to Ir.verter 

9.1.1 it) 





3. AC Power to Data system 

9. 1.1(c) 





4. Equipment Circuit Breakers 

9.1.1(d) 





5. Tape Start-Stop 

9.1.2(a) 





6. Tape Motion Light 

9.1.2(b) 





7. ?riae Data Light 

9.1.2(c) 




j 

3. Fault Light 

3.1.2(d) ; 




9. Fault Clear Switch 

9.1.2(e) 1 




10. Tape Remaining Lignt 

:.i.2-f) j 

» 


11. Record Nuaner updates 

9.1.2-g) j 

• 


12. Pilot's Tine Code Display 

9.1.2(h) 

I 

‘ 


13. Sensor Setup Sheet* 

9.2 j 

. : 

a. Positive Identification 

9.2.1 1 


o. Sign Convention 

9.2.2 

; • 

c. Noise 

9.2.3 

! ! 
> 

t 

14. Thermocouple Setup Sheet* 

9.3 

i 

! 


’ 

a. Control Signal Checkout 

9.3.1 

i 


. 

j 

s. Reference Junction Monitors 

9.3.2 

; 1 


c . Tenor rat -re Monitors 

* 

9.3.3 

i ! 

1 ! ; 

15. Control Position Indicator 

9.4 


16 . Scanr.ivaive Setup 

9.5 

i 

1“ ShAit Encoder Setup 

9.6 

1 

i i 

a. Right Rotor shaft Encoder 

9.6.1 

i 

0- Left Rotor Shaft Encoder 

9.5.2 

< i 

i • 

! 1 f 


he*e icecs checked l.ttr 
ocp.etion of we tup sheet, checkout. 


| use or Onootur* o> «M an m» p*}r .» 

| tu* :• » te» r«»roon on m* nil* a*'* 
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TABLE 9-11 . XV- 15 PCM TAPE DATA SYSTEM SETUP (CONTINUED) 


1. Prog. No. - Program number assigned to the program that is 
currently being run on the ship. This number is assigned by 
G. Carter and can remain the same or can be changed for dif- 
ferent phases of the program [i.e., one (1) for ground run 
and one (1) for flight]. 

2. Model - Model .* jnber of the aircraft, in this case Model 301 
(XV-15 could be used). 

3. S/N - Serial number of aircraft (either Ship #1 or Ship #2). 

4. Date - Date of the last change made to this setup sheet. 

5. 1st Flt/Gr - The number of the 1st flight/ ground run after 
the last change made to uus setup sheet. 

6. 1st Rec. No. - 1st record number taken after the last change 
made to this setup sheet. 

7. Track - The number of the track on the tape deck which this 
setup sheet is being recorded. 

8. RMDU - The RMDU bit stream which this setup sheet covers 
("A" or "B"). 

9. Data Ccrd. - The name of the data coordinator (responsible 
person from Data Reduction Group) assigned to this program. 

10. Engr. - The name of the Instrumentation engineer assigned to 
this program. 

11. Tech. - The name of the Instrumentation technician assigned 
to this program. 

12. Prog. - The title assigned to the phase of the program being 
conducted at the present time (ground run, hover perform- 
ance, flight t“st, etc.). 

13. EWA - The Engineering Work Authorization number assigned to 
this program (A427, A439, etc.). 

14. DLN - The Daily Labor N’anber assigned to this phase of the 
program (67646- - Ship #2 flight test). 

15. W/O - The Work Order number assigned to this phase of the 

program (A4‘ 7, etc.). 
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TABLE 9 -II. XV- 15 PCM TAPE DATA SYSTEM SETUP (CONTINUED) 


16. Frame Location - The frame location (word location) of a 
given parameter in the bit stream. 

17. MF - The mainframe word location in the bit stream (1 - Word 
#1, 28 - Word #28, etc.). 

18. SF - The depth of the subframe (1-1 deep, 2-2 deep, and 
8-8 deep ) . 

19. Pos. - The position in the subframe of a given parameter 
(7-1-1 Mainframe word (100 Hz)] 

[52-2-2 Mainframe word 52, second subframe word (50 Hz)] 
[80-8-5 Mainframe word 80, fifth subframe word (12 Hz)] 

20. Item Code - A number assigned to a given measurement parame- 
ter for identification purposes. 

21. Item - The name of the measurement parameter (beam bending). 

22. Loc. - The location of the transducer (right rotor blade). 

23. Sta. - The station on the part where the strain gage is lo- 
cated (blade Sta. 52.5). 

24. Br. No. - The bridge number specified in the Laboratory Work 
Sheet. Bridge numbers are assigned to each bridge on the 
part at the time the part is gaged. 

25. Lab. No. - The number assigned to a part by the Instrumenta- 
tion Laboratory at the time of gaging. 

26. PAF Cs/Chan - These are channels which go into a pre-ampli- 

fier filter box. Tbe upper n-mber is card slot location in 
the box, the lower number is the channel number on that 
card: 1/1 Card Slot #1/Channel #1. 

Note: In cases where there is no number in this column, 

the channel does not go through a PSF card, but directly 
into the RMDU and into a AMX or DMX card. 

27. RMDU CS/Chan - The RMDU AMX designations for each parameter. 
The upper number is the card slot location in the box and 
the lower number is the channel number on that card: 10/20 
Card Slot #10/Channel #20. 

28. Cable No. - The J-box channel number that this parameter is 
brought into the data system on (RR-1B, LW-1M, etc.). 
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TABLE 9-1 I. XV- 15 PCM TAPE DATA SYSTEM SETUP (CONCLUDED) 


29. PSF Gain - The gain set up for each channel in the PAF boxes 
(all channels are factory set at a gain of 256). 

30. GPA Gain - The gain of the gain programmable amplifier for 
each parameter. 

31. Cal. Res. - The value of the calibration resistor for each 
parameter (115Kft or 500Kft). 

Note: In cases where no value appears in this location, 

indicate that the channel is a AMX or DMX channel and does 
not use a calibration resistor. 

32. The calibration equivalent taken from the calibration sheets 
(factored to fit 115Kft calibration resistor (calibration 
sheet shows lOOXft = XXX in engineering units, etc.), and to 
allow for voltage drop from R-Cal point to actual bridge 
excitation voltage, and individual channel sensitivity] . 

C.E. = 115 K ft Cal = Slope x A counts 

A counts = R-Cal Counts - Reference Counts 

ci™ - P.C. _ 5120 . 1 

slope - B v x 1Q24 x 256 x QpA GAIN 

where : 

U.C. = Unity Cal from Calibration Sheet 

B.V. = Bridge Voltage at Bridge 

5120 _ Input MV 
1024 " Output Counts 

1 _ 1 

256 * PSF Card Gain 

33. Ref. Value - The reference value designated by preflight 
(reference) conditions (F/A cyclic stick -*■ 50%, F / A pilot's 
seat accel -* 0 g's, pylon pos -* 95°, etc.). 

34. Units - The engineering units that the parts were calibrated 
in (in- lbs, lbs, g's, psi, etc.). 

35. Remarks - A column for any special comments ■•■hat will clar- ‘ 
ify each parameter. 
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ITEM 

LOCATION 

CODE 


GPA 

GAIN 


ll-l 

2i-l 

3l-l 
4i-l 
5i-l 
61-I 
7i-l 
®1 “1 
9i-l 

lOx-1 

Hi-1 

I2i-1 

13i-l 

14i-l 

15i-l 

16x-l 

17i-l 

I81-I 

191-1 

20i-l 

21i-l 

22i-l 

23 X -1 


SYNC 1 
SYNC 2 
ID 1 
INFO 
F638 

5145 

5146 
M128 

5147 

5148 
Ml 3 8 
B120 
M12 9 
M2 7 7 
B615 
B126 
F614 
B195 
F621 
M2 7 9 
B109 
Ml 3 9 
B192 





LOCATION 

ITEM 

CODE 

24 1~1 

B193 

25i-l 


26x-l 

B127 

27l-l 

B613 

28 x -l 

M612 

29i-l 


30x-l 

F16 3 

31i-l 

P153 

32 X -1 

P178 

33i-l 

P14 9 

34i-l 

P504 

35x-l 

P512 

36x-l 

B194 

37x-l 

M619 

38x-l 

B613 

3 9^-1 

B622 

40X-1 

B282 

41 1 -1 

B280 

42x-l 

F286 

43i-l 

B264 

44 x -l 

P505 

45 x -l 

B17 1 

46 x -l 

B172 

1 


GPA 

GAIN 



NOTE: All PSF gain is 256, 
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TABLE 9-III. (CONTINUED) 


LOCATION 

ITEM 

CODE 

GPA 

GAIN 


LOCATION 

ITEM 

CODE 

GPA 

GAIN 

47i-l 

B17 3 

1 


612-1 

P323 

1 

48i-l 

B174 

1 


612-2 

P325 

1 

4 ?i~l 

E154 

1 


622-1 

S630 

128 

50i-l 

E155 

256 


622-2 

S631 

128 

5H-1 

T506 

512 


632-1 

S632 

128 

522-1 

F330 

4 


632-2 

S633 

128 

522-2 

F331 

4 


642-1 

S634 

128 

532-1 

F332 

4 


642-2 

S635 

128 

532- 

F334 

4 


652-1 

S636 

128 

542-1 

B259 

4 


65 2~2 

S637 

128 

54 2-2 

B268 

4 


662-1 

D317 

1 

55^-1 

M2 7 5 

4 


662-2 

D305 

1 

552-2 


4 


672-1 

E374 

1 

562-1 


1 


672 -2 


1 

562-2 

B274 

1 


682 -I 


I 

572-1 

M2 7 6 

1 


682-2 


1 

j 572-2 

B278 

1 


692-1 


1 

! 582-1 

A304 

1 


692-2 


16 

582-2 

A020 

4 


702-1 

R3 38 

1 

592-1 

S609 

4 


702-2 

D617 

1 

592-2 

S610 

■ 

1 2 


712-1 


X 

602-1 

S628 

4 


712-2 

M3 3 6 

1 

602-2 

S629 

i 

! 2 

! 


722-1 

DUO 

~ 16 


NOTE: All PSF gain is 256. 
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TABLE 9-III 


(CONTINUED) 



ITEM 

GPA 


ITEM 

GPA 

LOCATION 

CODE 

GAIN 

LOCATION 

CODE 

GAIN 


' 72 2 -2 

D160 

1 

73 2 -l 

R503 

1 

73 2 -2 

R515 

1 

74,-1 

D348 

1 

74 2 -2 

D34 9 

1 

75 2 -l 


1 

75 2 -2 

R328 

1 

76 2 -l 

R329 

i i 

76,-2 

R3 3 9 

i 

i / 2*1 

M335 

i 

11 2~2 

Dill 

2 

78 8 -l 

D645 

1 

7 V 2 

D281 

1 

78 8 -3 

D284 

1 

78 8 -4 

T524 

128 

78 8 -S 

T531 

128 

78 8 -6 

D509 

1 

78 8 -7 

E701 

16 

78q“8 

E7 07 

*12 

79 8 -l 

R32t 

1 

7 V 2 

E072 

1 

| 7 V 3 

E07 3 

1 

•k 

79 8 -4 

E196 

1 

NOTE: All 

PSF gain 

is 256. 



















Belt Helicopter 


TEXTRON 


D>. vo' - ?• *#*"0'" 'x 


OKI *a* ’ \i**+ 
OP POOR 


r*i 



301-099-022C 
8 August 1980 


TABLE 9-III. (CONCLUDED) 


LOCATION 

ITEM 

CODE 

GPA 

GAIN 


LOCATION 

ITEM 

CODE 

GPA 

GAIN 

82 g -4 

E3 7 0 

1 





82 8 -5 

E3"71 

1 





82 8 -6 

E3I3 

1 





82 8 - ? 

E 7 05 

512 





82 8 -B 

E 7 11 

— 





8 3 8~1 

X365 

— 





83 8 -2 

R516 






83 8 -3 

P002 

1 





83 g -4 

T513 

512 





83 8 - 5 

P342 

1 





83g-6 

E 7 00 

4 





83 8 - ? 

E 7 06 

512 





83g-8 

E 7 12 








NOTE: All PSF gain is 256. 
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NOTE: All PSF gain is 256. 
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TABLE 9-IV. (CONTINUED) 


LOCATION 

ITEM 

CODE 

GPA 

GAIN 

1 

LOCATION 

ITEM 

CODE 

GPA 

GAIN 

47 x -l 

F055 

4 


61 2 -1 

P324 

1 

48 x -l 

B112 

1 


61 2 -2 

P326 

1 

49^-1 

E179 

1 


62 2 -l 

M3 37 

1 

50 1 ~1 

E180 

256 


62 2 -2 


1 

-ll-l 


1 


63 2 -l 

B316 

128 

52 2 -l 

A301 

4 


63 2 -2 


1 

52 2 -2 

A300 

4 


64 2 -l 

F353 

128 

53 2 -l 

A003 

4 


64 2 -2 


512 

53 2 -2 


4 


65 2 -l 

B312 

128 

54 2 -l 

A01? 

4 


65 2 -2 

F318 

128 

54 2 -2 

B190 

4 


66 2 -l 

B357 

128 

55 2 -l 

B191 

4 


66 2 -2 


512 

55 2 -2 

B603 

2 


67 2 -l 


16 

56 2 -l 

B606 

1 


67 2 -2 

B34 6 

128 

56 2 -2 

M6u6 

4 


68 2 -l 

F347 

128 

57 2 -l 

B165 

4 


68 2 -2 


1 

57 2 -2 

B166 

4 


69 2 -l 


1 

58 2 -l 

B262 

4 

69 2 -2 


1 

58 2 -2 

B263 

4 


70 2 -l 

V012 

1 

59 2 -l 

M2 6 6 

4 


70 2 -2 

V013 

1 

59 2 -2 

B258 

1 


71 2 -1 

V01 4 

1 

60 2 -l 

B270 

1 


71*,-2 

Am 

D011 


60 2 -2 

B259 

4 


72 2 -l 



D010 

- - 


NOTE: Ail PSF gain is 256. 
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TABLE 9- IV. (CONTINUED) 


LOCATION 

■ 

GPA 

GAIN 


■HB9 

ITEM 

CODE 

GPA 

GAIN 

72 2 -2 

D009 

4 


79g-5 

D185 

1 

73 2 -l 

D066 

2 


79 8 -6 

D131 

1 

73 2 -2 

A507 

2 


79g-7 

E727 

64 

74 2 -l 

A514 

2 


?9 3 -8 

E7 3 3 

512 

74 2 ~ 2 

A508 



80g-l 


1 

75 2 -l 

A500 

2 


80 g -2 

D646 

1 

75 2 -2 

A502 

2 


8-8- 3 

D32 4 

1 

7 6 2 ~1 

A501 

2 


1 

00 

o 

00 

D315 

1 

7 6 2 ~2 

D308 

i 


80 s -5 

D18 6 

1 

7 7 2 ~1 

D306 

i 


8 0 g 6 


1 

77 2 -2 

0307 

i 


80 8 -7 

E728 

128 

7 8 8 — 1 

D021 

i 


80g-8 

E734 

512 

78g-2 

DQ22 

i 


81 8 -1 

D327 

1 

78g-3 

D023 

i 


8 1 8 ~ 2 


1 

78g-4 

D024 

i 


81 8 -3 

DC07 

* 

78g-5 

B318 

i 


81g-4 

D008 

1 

78g~6 

D144 

16 


81 8 -5 

A352 

1 

78g~7 

E7 2 6 

16 


81g-6 

R^21 

1 

78 8 -8 

E732 

512 


81 8 -7 

E729 

256 

79g-l 


1 


81 8 -8 

E7 35 

512 

79 8 -2 

D182 

1 


00 

ISJ 

00 

1 

H* 


1 

79 8 -3 

018 3 

i 


82 8 -2 

D156 

1 

79g-4 

D184 



1 


82 g -3 
— . . 

D157 

- -1 


NOTE: All PSF gain is 256. 
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TABLE 9-IV. (CONCLUDED) 


LOCATION 

ITEM 

CODE 

GPA 

GAIN 

LOCATION 

ITEM 

CODE 

GPA 

GAIN 

82g-4 

D158 

1 




82 8 -5 

D159 

1 




82 8 -6 

D161 

1 




82 8 -7 

E7 30 

512 




82 8 -8 

E736 

— 




838-1 

X366 

DMX 




83 8 -2 

R517 

DMX 




83 8 -3 

E649 

1 




83 8 -4 


1 




83 8 -3 


1 


• 


83 3 -6 

I'725 

4 




83g-7 

E731 

512 




83 8 -8 

E737 

— 





NOTE: All PSF gain is 256. 
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TABLE 9-V. 

SIGN CONVENTIONS FOR 

F.FC ORDERS . 



PARAMETER 

TRACE MOVES 


PARAMETER 

ABBREVIATION 

UPSCALE IF: 

1 . 

Airspeed 

A/S 

Speed increases 

2. 

Voltage 

Volt 

Voltage increases 

3. 

Current 

Amps 

Amperage increares 

4. 

Altitude 

Alt 

Altitude increases 

J • 

Power Lever 
a. Boost Tube Axial 

Power Lever , 

Tube in t- .* ion 


force 

Boost Axial 



b. Pilot Effort 

Pilot Effort, 

Pull up or. power 


(torque on jack- 

Power Lever 

lever : * ; «•. 


shaft or something 
in the system 
calibrated in terms 
of force at grip; 

c. Stick Position Power Lever Power lever stick 

Stick Position up 

6. Cyclic 

a. Boost Tube Axial F/A or Lateral Tube in tension 

Force Cyclic Boost Axial 


b. Fore and Aft Stick F/A Cyclic Posi- 
Position tion 


Cyclic stick moved 
forward 


c. Pilot Effort, 
Fore and Aft 

d. Lateral Stick 
Position 

e. Filot Effort, 
Lateral 


Pilot Effort, 
F/A Cyclic 

Lateral Cyclic 
Position 

Pilot Effort 
Lateral 


Forward fo:*- e on 
cyclic stick 

Cyclic stick movec. 
to the right 

Pull right on 
cyclic = t..ck 


7. R/H, L/H Directional Directional 
Control Tube Axia.l Contr' 1 Tube 
Force 


Control tube in 
tension 


8 . Elevator 

a. Beam Binding 


Lt or Rt Elevator Lower s\ -face . 
3eam Bending in tension 


int or ancKHure ot uu ort mu pq, n 
to IN* rfitfid'Or. Oil th» lilt, Mq, 
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par;_ieter 


PARAMETER 

ABBREVIATION 


b. Drive Tube Torque Lt or Rt Elevator 

Drive Tube Torque 
(Control Arm Force) 


9 . Rudder 

. . Beam Bending 


b. Drive Tube Torque 


Lt or Rt Rudder 
Beam Bending 

Lt or Rt Rudder 
Drive Tube Torque 


c. Position 


Rudder Position 


10. Flaps 

a . Beam Bending 

Lt or Rt Flap 
Beam Bend 

b. Drive Tube Torque 

Lt or Rt Flap 
Drive Tube Torque 

c. Position 

Lt or Rt Flap 
Position 

11. Flaperons 

a. Beam Bending 

Lt or Rt Flaperon 
Beam Bend 

b. Control Arm Force 

Lt or Rt Flaperon 
Con Arm Force 

c. Position 

Flaperon Position 

12. Aileron 

a. Position 

Lt or Rt Aileron 
Pos 

13. Engine 
a. RPM 

Eng RPM 

b. Torque 

Eng Torque 


14. Fuel Flow 


Fuel Flow 


us* or diicknurt of oiii on mis mat n 
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TRACE MOVES 
UPSCALE IF: 

Trailing edge up 


Left surface in 
tension 

Trailing edge to 
the left 

Trailing edge to 
the right 

Lower survace in 
tension 

Trailing edge up 


Trailing edge down 


Lower surface in 
tension 

Tube in tension 


Trailing edge down 

Right aileron 
trailing edge up 


RPM increases 

Torque increases - 
engine power output 
increases 

Fuel flow increases 
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TABLE 9-V. (CONTINUED) 


PARAMETER 

PARAMETER 

ABBREVIATION 

TRACE MOVES 
UPSCALE IF: 

Main Rotor 
a. Azimuth 

M/R Azimuth 

Red blade aft * 0° 
Az 

b. Blade Pitch Angle 

M/R Pitch Ang 

Pitch increases 

c. Blade Flapping 
Angle 

M/R Flap 

Red blade up 

d. Blade Beam Bending 

M/R B1 Bm 

Lower side in tension 

e. Blade Cnord 
Bending 

M/R B1 Ch 

Leading edge in 
tension 

f. Trunnion Fork 
Bending 

Trunnion Fork 
Bend 

Leading edge in 
tension 

a . Yoke Extension 
(Grip/Spindle ) 
Beam Bending 

M/R Yoke Ext Bm 

Lower side in 
tension 

h. Yoke Extension 
(Grip/Spindle) 
Chord Bending 

M/R Yoke Ext Ch 

Leading edge in 
tension 

i. Swashplate 

Driver Bending 

Swashplate Drive 
Bend 

Leading edge in 
tension 

j. Mast Perpendicular 
Bending 

M/R Mast Perp 

Red blade forward, 
top of mast to right 

k. Mast Parallel 
Bending 

M/R Mast Para 

Red blade forward, 
top of mast aft 

1. Mast Torque 

M/R Mast Torque 

Input torque to 
main rotor increases 
(leading edge of 
main rotor in 
tension) 

m. Pitch Link Axial 
Force 

.M/R Pitch Link 

Pitch link in 
tension 

n. Spinner - Lower 
Support Arm 
ai Red Beam Bend- 
ing 

Spinner Support Arm 
Red Beam Bend 

Lower surface in 
tension 


Ui* or d "»nurt or mu o ft mis Mq< ’s 
suOiOCt 10 tti» ’»slr:;tiof\ on lh* litlf mm 
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PARAMETER 

PARAMETER 

ABBREVIATION 

TRACE MOVES 
UPSCALE IF: 

b) Chord Bending 

Spinner Support 
Arm - Chord Bend 

Leading edge in 
tension 

o. Swashplate Motion 
a) Fore and Aft 

Swashplate Motion- 
F/A 

Red blade forward 
Red blade up 

b) Lateral 

Swashplate Motion- 
Lat 

Red blade outboard 
Red blade down 

16. Hub Spring Motion 
a. Fore and Aft 

Hub Spring Motion 
F/A 

Red blade forward 
Red made up 

b. Lateral 

Hub Spring Motion 
Lat 

Red blade outboard 
Red blade down 

17. Actuator Position 
a. Fore and Aft 
Cyclic 

Act Pos - F/A 
Cyclic 

Forward on cyclic 
stick 

b. Lateral Cyclic 

Act Pos - Lat 
Cyclic 

Outboard diameter 
of blade disc down 

c. Collective 

Act Pos - Coll 

Increase pitch - 
power lever up 

18. Control Boost 

Actuator Axial Force 
a. Fore and Aft 
Cyclic 

Control Boost Act 
Axial - F/A Cyc 

Tube in tension 

b. Lateral Cyclic 

Control Boost Act 
Axial - Lat Cyc 

Tube in tension 

c. Collective 

Control Boost Act 
Axial - Coll 

Tube in tension 

19. Pylon Conversion 
Spindle 

a. Beam Bending 

Pylon Conv 
Spindle Beam Bend 

Helicopter mode 
Lower surface in 
tension 

b. Chord Bending 

Pylon Conv 
Spindle Chord 
Bend 

Helicopter mode 
forward surface 
in tension 

tnt or duoosuff «) mm on inn poor n 
juOitti lo in* rntnction on tht mi* poor 
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TABLE 9-V. (CONTINUED) 

PARAMETER TRACE MOVES 


PARAMETER 

ABBREVIATION 

UPSCALE IF: 

c. Position 

Pylon Conv 
Spindle Position 

Airplane to 
Helicopter Conv 

20. Pitch 

a. Acceleration 

Pitch Ang Acc 

Ship's nose has 
upward angular accel- 
eration about pitch 
axis 

b. Attitude 

Pitch Att 

Nose of helicopter 
moves upward about 
pitch axis 

c . Rate 

Pitch Rate 

Nose of ship has 
upward angular velo- 
city about pitch axis 

21. Roll 

a. Acceleration 

Roll Accel 

Ship has clockwise 
angular acceleration 
about roll axis as 
viewed from behind 

b. Attitude 

Roll Att 

Ship has clockwise 
motion about roll 
axis as viewed 
from behind 

c . Rate 

Roll Rate 

Ship has clockwise 
angular velocity 
about roll axis as 
viewed from behind 

22. Yaw 

a. Acceleration 

Yaw Ang Accel 

Ship's nose has 
angular acceleration 
to the right about 
the yaw axis as 
viewed from above 

b. Attitude 

Yaw Att 

Ship's nose moves to 
the right about yaw 
axis as viewed 
from above - - 


W* or aitciosurt o( MU on inn Mqt <\ 
tu0|*ci to (h* 'function on thf titlt pqt 
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TABLE 9-V. (CONTINUED) 
PARAMETER 


PARAMETER 

ABBREVIATION 

c. Rate 

Yaw Rate 

23. Pressures 

Pres 

24 . Rudder Pedal 
Position 

Rudder Pedal Pos 

25. Rudder Pedal Force 

Rudder Pedal 
Force 

26. Horizontal Stabilizers 
a. Beam Bending 

Horiz Stab 
Beam Bending 

b. Torque 

Horiz Stab 
Beam Bending 

c . Chord Bending 

Horiz Stab 
Chord Bending 

27. Vertical Fin 

a. Beam Bending 

Fin Lat Bending 

b. Chord Bending 

Fin F/A Bending 

c . Torque 

Fin Torq 

28. Temperature 

Temp 

29. Vibration 

a. Fore and Aft 

F/A Accel 

b. Lateral 

Lat Accel 

c. Vertical 

Vert Accel 


Us* or Oise Knur* of MU on mis p*q* is 
luDitct to mt rntriction on m* tilt* 019* 
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TRACE MOVES 
UPSCALE IF: 

Ship's nose has 
angular velocity 
to the right about 
the yaw axis as 
viewed from above 

Pressure increases 

Motion of right 
pedal forward 

Right pedal up 
scale 


Lower surface in 
tension 

Leading edge up, 
trailing edge down 

Leading edge in 
tension 


Tail fin bends to 
the right as viewed 
from rear 

Leading edge of 
fin in tension 

Leading edge to the 
right 

Increasing tempera- 
tures 


Ship accelerates 
forward 

Ship accelerates to 
the right - - 

Ship accelerates 
upward 
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PARAMETER 

PARAMETER 

ABBREVIATION 

TRACE MOVES 
UPSCALE IF: 

30. Nose Boom Vanes 

a. Angle of Attack 

Angle of Attack 

Nose of horizontal 
vane moves down 

b. Angle of Sideslip 

Angle of Sideslip 

Nose of vertical 
vane moves to right 

31. SCAS Actuator Position 
a. Fore and Aft 

F/A SCAS Pos 

1" forward step 
input applied to 
cyclic stick fror 
a static position 

b. Lateral 

Lat SCAS Pos 

1" right step input 
applied to cyclic 
stick from a static 
position 

c. Directional 

Dir SCAS Pos 

1” forward step 
input applied to 
right pedal from a 
static position 



NOTE: SCAS traces 

wi’ . return to zero 
following completion 
of step input. 

32. Swashplate Drive 
Links 

Swplate Drive 
Link 

Leading edge in 
tension 

33. Swashplate Anti-Drive 
Links 

Swplate A/D 
Link 

Right side in 
tension as viewed 
from rear 

34. Main Landing Gear 
a . Trunnion Arm 

Vertical Bending 

Main Land Gear - 
Trunnion Arm 
Vert Bend 

Lower surface in 
tension 

b. Oleo Strut Fore 
and Aft Bending 

Main Land Gear - 
Oleo Strut F/A 

Aircraft forward - 
upscale (aft on 
wheels - upscale) 

c. Oleo Strut 

Lateral Bending 

Main Land Gear - 
Oleo Strut Lat 
Bend 

Aircraft right - 
Upscale (left on 
wheels - upscale) 

J!t Of dUCKtturf of MU or> mu p Mr u 
luOiKt to mo rntriction on mt iiim aiqt 
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PARAMETER 

PARAMETER 

ABBREVIATION 

TRACE MOVES 
UPSCALE IF: 

d. Drag Strut 
Axial Force 

Main Land Gear - 
Drag Strut Axial 

Link in tension 

e. Actuator Position 

Main Land Gear - 
Act Pos 

Landing gear down - 
full upscale (ex- 
tend goes upscale) 

f. Oleo Extension 
Position 

Main Land Gear - 
Oleo Ext Pos 

Extend goes upscale 

Nose Landing Gear 
a. Trunnion Vertical 
Bending 

Nose Land Gear - 
Trunnion Vert 
Bend 

Lower surface in 
tension 

b. Oleo Strut Fore 
and Aft Bending 

Nose Land Gear - 
Oleo Strut F/A 
Bend 

Aircraft forward - 
upscale (aft on 
wheels - upscale) 

c. Oleo Strut 

Lateral Bending 

Nose Land Gear - 
Oleo Strut 
Lateral Bend 

Aircraft right - 
upscale (left on 
wheels - upscale) 

d. Drag Strut 
Axial Force 

Nose Land Gear - 
Drag Strut Axial 

Link in tension 

e. Actuator Position 

Nose Land Gear - 
Act Pos 

Landing gear down - 
full upscale (ex- 
tend goes upscale) 

f. Oleo Extension 
Position 

Nose Land Gear - 
Oleo Ext Pos 

Extend goes upscale 

g. Steering Position 

Nose Land Gear - 
Steer Pos 

Nose of ship moves 
to right 

Wing 

a. Panel Bending 

Wing - Panel Bend 

Panel in tension 

b. Beam Bending 

Wing - Beam Bend 

Lower surface in 
tension 

c. Chord Bending 

Wing - Chord Bend 

Leading edge in 
tension 

d. Torque 

Wing - Torque 

Leading edge up 


Use or oisctaort oi «ii on mu pqt s 
tuOiKt to mt mtridion on m* title oig* 
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PARAMETER 


PARAMETER 

ABBREVIATION 

TRACE MOVES 
UPSCALE IF: 

e. Shear - Right Wing 

Item S630 - Front 
Spar Upper Shear 
WS 66.0 

Airplane to heli- 
copter conversion 



Item S631 - Front 
Spar Lower Shear 
WS 66.0 

Helicopter to 
airplane conversion 



Item S632 - Rear 
Spar Upper Shear 
WS 66.0 

Helicopter to 
airplane conversion 



Item S633 - Rear 
Spar Lower Shear 
WS 66.0 

Airplane to heli- 
copter conversion 



Item S634 - Front 
Spar Upper Shear 
WS 142.0 

Helicopter to 
airplane conversion 



Item S635 - Front 
Spar Lower Shear 
WS 142.0 

Airplane to heli- 
copter conversion 



Item S636 - Rear 
Spar Upper Shear 
WS 142.0 

Airplane to heli- 
copter conversion 



Item S637 - Rear 
Spar Lower Shear 
WS 142.0 

Helicopter to 
airplane conversion 

37. Fuel Control Lever 
Position 

Fuel Cont Lever 
Pos 

Forward on lever 
(throttle) 

38. Flap Control Lever 
Position 

Flap Cont Lever 
Pos 

(Trailing edge 
down) 

39. Differential Cyclic 
Washout Actuator 
Position 

Diff Cyc Washout 
Act Pos 

Increase airspeed 

40. Control Tube Bending 
a. Lateral Bending 

Lat Cont Tube Bend 

Left side in tension 

b. Vertical Bending 

Vert Cor.t Tube 
Bend 

Bottom side in 
tension 

Ui« Of OiitHwuft ol MU on this M9 f s 
jubl*ct to th* restriction on the tine Mqe 
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PARAMETER 


PARAMETER 

ABBREVIATION 


TRACE MOVES 
UPSCALE IF: 


c. Fore and Aft 
Bending 


F/A Cont Tube Bend Aft side in 

tension 




t or autlOlur* Of Mti on this p*)f n [ 
SuDtfct to tfif restriction on the title pot I 
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CHAN 


TEMPERATURE SCANNER NO. 1 - LEFT PYLON 


LOCATION 



CR-AL 


CR-AL 


CR-AL 


CR-AL 


1-CN 


1-CN 


1-CN 


1-CN 


1-CN 


1-CN 


1-CN 


1-CN 


1-CN 


1-CN 


1-CN 


1-CN 


Left Engine, T-7 Harness 


T524 



Left Transmission Case - Inlet 



Left Engine, IAT at 0 


Left Engine, IAT at 



Left Transmission Case - Conversion Axis 


Left Transmission Case - Swive. 


Left Engine, Oil Cooler Inlet 


Left Transmission Case - Inlet 


Left Rotor Hub Spring Beann 


Left Engine, No. 2 Oil Bearing Scavenge 



Left Transmission - Oil Inlet 


Left Transmission - Oil Outlet 



UM Of disclosure ot atU on Ifus (09* is 
su0»»tt to th* restriction on me till* poqt 
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TEXTRON 


TABLE 9-VI (CONTINUED) . 

XV- 15 (MODEL 301) THERMOCOUPLE SETUP SHEET 


ENGR. 

TECH. 

TEST PURPOSE 


SHIP NO. 
FLT NO. 
EWA 


DATE 
G/R NC 
DLN 


t. 


TEMPERATURE SCANNER NO. 2 - FUSELAGE 1 

CHAN 

T/C 

TYPE 

LOCATION 

ITEM 

CODE 

200 

CR-AL 



m&m 

CR-AL 



ea 

CR-AL 



matm 

CR-AL 




1-CN 

Drive Shaft Hanger Bearing - Cvrsn Spdl, RH 


mutm 

1-CN 

Drive Shaft Hanger Bearing - Outboard, RH 

aw 

mum 

W533SM 

Drive Shaft Hanger Bearing - Inboard, RH 


207 

1-CN ! 

TrB-T«T»iwwni 

mmm 

208“ 

1-CN 

Drive Shaft Hanger Bearing - Outboard, LH 



mssm 

Drive Shaft Hanger Bearing - Inboard, LH 

warn 

210 J 

1BM 

Outside Air 


mam 

[ 1-CN! 



mswm 

■ran 




214 I 1-CN 


Center Gearbox 
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TABLE 9 -VI (CONCLUDED) . 

XV- 15 (MODEL 301) THERMOCOUPLE SETUP SHEET 


ENGR. 


SHIP NO. 


DATE 


TECH. 


FLT NO. 


G/R NO. 


TEST PURPOSE 
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XV- 5 (MODEL 301) SCANNIVALVE SETUP SHEET 


LEFT ENGINE INLET 


PORT 

NO. 

LC" \TION 

ITEM 

CODE 

1 

Left Engine Bellmouth, 0-Deg, Pos 1 

P512 

2 

Left Enqine Bellmouth, Q-Deg, Pos 2 

P5.12 

3 

Left Engine Bellmouth, 0-Deg, Pos 3 

PSTTl 

4 

Left Engine Bellmouth, 0-Deg, Pos 4 

P512 

5 

Left Engine Bellmouth, 4 0-Deg, Pos 5 

P512 

6 

Left Enqine Bellmouth, 4 0-Deg, Pos 6 

P512 

7 

Left Engine Bellmouth, 4 0-Deg, Pos 7 

PS12 ' 

8 

Left Engine Bellmouth, 40-Deg, Pos 8 

P512 

9 

Left Engine Bellmouth, 80-Deg, Pos 9 

P512 

10 

Left Engine Bellmouth, 80-Deg, Pos 10 

P5l2 

11 

Left Engine Bellmouth, 80-Deg, Pos 11 

p~5i2 

12 

Left Engine Bellmouth, 80-Deg, Pos l2 

p5T2 

13 

Left Engine Bellmouth, liO-Deg, Pos I 3 

P5l2 

14 

Left Engine Bellmouth!, 120-Deg, Pos 13 

P512 

15 

Left Engine Bellmouth, 120-Deg, Pos 15 

" P512 

16 

Left Engine Bellmouth, 120-Deg, Pos 16 

P512 

17 

Left Engine Bellmouth, 160-Deg, Pos 17 

P512 

18 

Left Engine Bellmouth, 160-Deg, Pos 18 

P512 

19 

Left Engine Bellmouth, 160-Deg, Pos 19 

P5l2 

20 

Left Engine Bellmouth, 160-Deg, Pos 20 

P5l2' 1 

21 

Left Engine Bellmouth, 20 0-Deg, Pos 2 1 

P5i2 

22 

Left Engine Bellmouth, 200-Deg, Pos 22 

~bit 

23 

Left Engine Bellmouth, 200-Deg, Pos 23 

P512 

1 24 

Left Engine Bellmouth, 200-Deg, Pos 24 

Pf 12 
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TABLE 9-VII 'CONCLUDED) 

XV- 15 (MODEL 301) SCANNIVALVE SETUP SHEET 


LEFT ENGINE INLET 
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TABLE 9-VIII. XV-15 PREFLIGHT CHECKLIST. 


STEP 

NO. PROCEDURE CHECK 

1. Turn on system power. Master power switch on ( ) 

pilot's info panel. (Allow 15 minutes warmup 

before beginning preflight.) 

2. Hook up flight line tester to RMDU-1. ( ) 

3 . Have shop connect hydraulic boost cart and turn ( ) 

on. 

4. Install null fixtures: 

a. 50% rudder pedal ( ) 

b. 50% F/A and lateral stick ( ) 

c. 0% - full down power lever ( ) 

d. 0% on throttle (not flight idle) ( ) 

e. 0° on flap control ( ) 

f . 950 pylon conversion (helicopter mode) . ( ) 

g. Governor wheel as low as it can be turned ( ) 

without moving the power lever. 

5. Turn off hydraulic boost ( DO NOT REMOVE ) . ( ) 

6. Put following in reference position: 

a. Oleo extension and actuator potentiometers ( ) 

fully retracted (nose, LHLG and RMLG) . 

b. 0° clamps on YAPS head (angle of attack and ( ) 

angle of sideslip). 

c. Turn OAT and altitude reference switch (on ( ) 

program, board) to reference. 

d. Pull torque system circuit breaker (eng. ( ) 


torque sig. cond.) located on panel to left 
of cockpit doorway. LEAVE CROSS SHAFT SIGNAL 
CONDITIONER ON . 

e. Pull fuel quantity circuit breaxer (fuel qty.) ( ) 
on overhead panel for Rt and Lt fuel quantity 
(tank) zeros. 


UM or OiKttiurt M MU or mu poor i» 
iuOK'Cl 10 rn« f«tr<l*n on m* Ml* 
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TABLE 9-VIII. (CONTINUED) 


STEP 

NO. PROCEDURE 


6. f. Check to insure that both of the ships 

inverters are on. 

♦NOTE: Ship's inverters must be on for 

Rt and Lt pylon conversions position zeros. 

7. Check scannivalve to insure it steps in the auto 
mode. Start prime data and listen to the unit 
as it steps through one complete cycle. Open 
active network panel and turn temperature and 
scannivalve reference switch to reference (switch 
located between cards 16 and 17). Dial in 
Channel 329 on temperature readout in copilot's 
panel . 

8. By using scanner switch on copilot panel, step ( ) 

through all thermocouples to insure all are 
operating. Good channels should read room tempera- 
ture (assuming ship has no_ been running), bad or 
open channels should read randomly changing number. 

*9. Using the flight line tester, dial through all ( ) 

channels and check all zeros against preset zeros. 

Fix or flag any problems 

*10. Turn on R-Cals and check values against pre R-Cal ( ) 
values. Fix or flag any problems. 

♦A program to let the computer do these functions 
by use of the telemetry link is being completed. 


11. Hook up RMDU-2 to the flight line tester and ( ) 

repeat steps 9 and 10. 

12. Set correct record number at pilot's info panel. ( ) 

13. Turn on time code generator and check to see if ( ) 

it is functioning properly. 

14. Set correct time in time code generator. ( ) 

15. Load tape on tape deck. ( ) 

16. Run 30 second leader and turn off tape deck. ( ) 

17. Call Ground Data Center for telemetry preflight. ( ) 

18. Turn on telemetry transmitter. ( ) 

in* or Mtvwrt o< *M or m.j oof* it 

lutlKt to n, rntfictioo on m* tit* on* rt 
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TABLE 9 -VIII. (CONTINUED) 


STEP 

NO. PROCEDURE CHECK 


*19. When requested press R-Cal switch, wait two ( ) 

seconds, release R-Cal switch, wait two seconds, 
press R-Cal switch, wait two seconds, then 
release R-Cal switch. 

*20. Ground Data Center checks zeros. ( ) 

*21. Ground Data Center checks R-Cals. ( ) 

*When the before-mentioned computer program is 
used. Step 19 is performed, but while the system 
is in Prime Data, Steps 19, 20 and 21 are 
repeated (while in Prime Data) with RMDU-A 
connected to the telemetry transmitter. Switch 
to put RMDU-A on TM is located on auxiliary 
instrumentation pallet. 


22. Turn on tape deck (at the same time Ground Data ( ) 

Center turns on the telemetry tape deck) . 

23. Press prime data switch and run 10 second ( ) 

reference record; press prime data switch second 

time to get system out of prime data. 

24. Press prime data switch and run R-Cal record ( ) 

(repeat Step 19) (2-2 second R-Cals). Press prime 
data switch second time to get out of prime data. 

25. Turn off tape deck. ( ) 

26. Remove null fixtures. ( ) 

27. Turn on hydraulic boost. ( ) 

28. Turn on tape deck. ( ) 

29- Run full throw record (for onboard tape and ( ) 

telemetry tape) . 

30. Turn off tape deck. ( ) 

31. Turn off telemetry transmitter. ( ) 

32. Check visual indication (full throws). * ( ) 

33. Disconnect flight line tester. ( ) 
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TABLE 9 -VI I I . (CONCLUDED) 


STEP 

NO. PROCEDURE CHECK 

34. Turn off system power. ( ) 

35. Put the following in data position: 

a. 90 ° pylon conversion ( ) 

b. Connect oleo extension string position ( ) 

cables (nose, LMLG and RMLG) . 

c. Remove 0 ° clamps from YAPS head. ( ) 

d. Turn OAT and altitude reference switch to ( ) 

data. 

e. Open active network pa/iel and turn tempera- ( ) 

ture and scannivalve reference switch to 

data. 

f. Push in engine torque signal conditioner ( ) 

circuit breaker. 

g. Push in fuel quantity (tank) circuit ( ) 

breaker. 

h. Turn off both ships inverters. ( ) 

36. Disconnect hydraulic boost cart. ( ) 

37. Sign off preflight item in ship's workbook and ( ) 

instrumentation preflight sheet. 
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SECTION 10. MAINTENANCE 


This section covers special tools and test equipment, alignment 
and calibration instruction, scheduled inspections, testing and 
troubleshooting, and recommended spare parts required to maintain 
the XV-15 research instrumentation system. 

10.1 Ground Support Equipment . Common and peculiar test equip- 
ment and special tools required to perform flight line mainte- 
nance, testing and troubleshooting, inspections and preflight 
checks are listed in Table 10-1. 

10.2 Flight Line Testing . The Model AIFTDS-4000 flight line 
tester (Figure 10-1) is a piece of special ground support equip- 
ment used to check out and troubleshoot the research instrumenta- 
tion system. It is a portable test set, designed to operate in 
conjunction with a remote multiplexer/demultiplexer unit (RMDU) 
configured with a stand-alone timing card (SAT-r*). The flight 
line tester will operate at any frame rate, word length and bit 
rate provided from the RMDU. It acts as a combined bit and frame 
synchronizer capable of receiving and decoding the IRIG Serial 
PCM data stream from the RMDU and displaying any single channel 
of data manually selected from the PCM format. As a plug-in op- 
tion to the basic unit, the flight line tester can verify opera- 
tion of the Sperry 1819A computer (or any other computer) inter- 
face card installed in the RMDU. 

The flight line tester contains a power supply assembly which can 
be operated from 115 Vac, 400 Hz power. 

10.2.1 Input Signals . Signal inputs to the flight line tester 
from the RMDU PCM output connector are transmitter output, tape 
recorder output, PCM-frarae sync pulse and PCM clock. The signal 
input lines are differential and conform electrically to the out- 
put characteristics of the SAT-M line drivers, which are capable 
of driving a 250-foot twisted pair shielded cable. 

10.2.2 Controls and Displays . Controls are defined as below: 

a. Data point selection control: Locates 

(1) Subframe number, and 

( 2 ) Word number 

b. Display rate sample control: Controls 

(1) Continuous display, or 

(2) One cf 8 detented sample rates 

c. Port selector: Selects signal from 

(1) Transmitter port, or 

(2) Tape recorder port 
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d. Decoder selector: Selects from one of 

(1) NRZ-L 

(2) NRZ-M 

(3) Bi-phase-L 

(4) Bi-phase-M 

(5) Miller 

e. Display control 

(1) Hold 

(2) Reset 

( 3 ) Lamp test 

f. Test/monitor mode control: Selects 

(1) Test, or 

(2) Simultaneous monitoring 

g. Gain display 

h. Data value display 

i. Discrete data display 

j. Buffered output (BNC) 

(1) Transmitted input 

(2) Tape recorder input 

(3) Bit clock 

(4) Frame sync pulse 

( 5 ) Analog output 

10.2.3 Operation . The selection of one data word from the PCM 
format display on the test is achieved by setting two groups of 
quick action lever type thumbwheel switches requiring only 90 
degrees rotation to cover all ten (10) numbers. The two groups 
of switches control selection of the data cycle subframe and the 
individual data word of that subframe. The data word from the 
PCM format is trapped, decoded and displayed on the numberical 
indicators along with the gain tag bit. The data word is also 
displayed in binary form on the 12-bit indicator lamps. One 
switch controls data selection between the RF transmitter line 
and the tape recorder line from the SAT-M so that both outputs 
may be verified. A display sample rate control switch controls 
the display update rate. The test set can provide continuous 
updates of the displayed data or controlled samples per second 
updates so that bit jitter or noise can be measured. There are 8 
different sample rates available. Since PCM word rate is a 
variable, the user may also select a suitable display sample rate 
for the program, 

10.2.3.1 Verifier Option . The mode selector toggle' Switch 
selects whether the data being displayed is standard analog/ 
discrete data or computer I/O verification. In the SC I/O posi- 
tion the verify/fail indicators tell whether the sampled computer 
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words are valid or invalid. If a data transmission failure oc- 
curs, the fail light illuminates and stays illuminated until man- 
ually reset, and the actual data value is displayed on the numer- 
ical data indicators and the 12-bit indicator lamps. 

10.2.3.2 Personal Card . The following program variable must be 
understood by the flight line tester. The task is achieved by 
inserting cf a hard-wire personal card into the system. 

- Word size 

- Subframe ID word location 

- Customized word re-structure 

- 2's complement or offset binary code 

10.2.3.3 Power Controls . The flight line tester operates from 
115 Vac, 400 Hz, 10 power. The power control switches are push 
button switches with integral power on indicator lamps. Power 
for the test set is less than 50 watts. 

10.2.3.4 Mechanical Configuration . The flight line tester is 
assembled m a lightweight case. The tester case dimensions are: 
width, 5.75 inches; depth, 6.5 inches; and height, 9 inches. 

Parallel signal connectors are provided on the rear side so that 
the L-band transmitter anci digital recorder can be connected to 
the test set and operated simultaneously to achieve real time 
dynamic test of the complete RMDU as well as an individual chan- 
nel data readout. Four buffered test points are available for 
scope display of each of the four signal lines from the RMDU out- 
put. 

10.3 Scheduled Maintenance Inspections . This section contains 
che requirements for preflight, 25-hour, 50-hour, special inspec- 
tions, and confitional inspections. The inspection intervals 
designated herein are the maximum allowable and should not be 
exceeded. Where unusual environmental exposure, utilization 
rates, or operational modes dictate a higher level of mainte- 
nance, it is the responsibility of the operator to increase the 
scope and frequency of inspections as necessary to ensure effi- 
cient operation of the instrumentation and data acquisition sys- 
tem. 

10.3.1 Prefliqht Checks . Preflight checkout procedures for the 
XV-15 research instrumentation system are given in Table 9-VIII. 

10.3.2 25-Hour Inspection . Prior to inspection, remove or open 
as necessary cowling. Fairing inspection doors, and plates. 

Instrumentation - right pylon 

a. Visually inspect slip ring mounting bracket for condi- 
tion and security. 
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b. Visually inspect engine oil cooler outlet thermocouple 
for security and leakage. 

c. Visually inspect engine oil pressure transducer for 
condition, security and leakage. 

d. Visually inspect engine fuel line thermocouple for con- 
dition, security and leakage. 

Instrumentation - left pylon 

a. Visually inspect slip ring mounting bracket for condi- 
tion and security. 

b. Visually inspect engine oil cooler outlet thermocouple 
for security and leakage. 

c. Visually inspect engine oil pressure transducer for 
condition, security and leakage. 

d. Inspect bellmouth temperature thermocouples (induction 
system) for security and condition. 

e. Inspect bellmouth pressure probes (induction system) 
for security and condition. 

10.3.3 50-Hour Inspection . Prior to inspection, remove or open 
as necessary cowling, fairing, inspection doors and plates. • 

Instrumentation slip ring 

a. Inspect and clean left proprotor instrumentation slip 
ring as follows: 

(1) Remove slip ring package from top of collective 
head. Refer to Wendon drawings W84-101 and W84- 
103. 

(2) Inspect slip rng for obvious damage or excessive 
wear. Clean slip ring and inspect brushes for 
wear. Replace brushes if required. 

(3) Check slip ring brushes for proper contact and 
uniform spring tension. 

(4) Reassemble slip ring and install above rotor on 
top of collective head. 

b. Inspect and clean right proprotor instrumentation slip 
ring as follows: 
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(1) Remove slip ring package from top of collective 
head. Refer to Wendon drawings W84-101 and W84- 
103 (Volume IV). 

(2) Inspect slip ring for obvious damage or excessive 
wear. Clean slip ring and inspect brushes for 
wear. Replace brushes if required. 

(3) Check slip ring brushes for proper contact and 
uniform spring tension. 

(4) Reassemble slip ring and install above rotor on 
top of collective head. 

c. Cable potentiometers 

(1) Remove covers of cable potentiometers and clean 
the cable and interior of the unit. 

(2) Apply one drop of instrument oil (for wide temper- 

ature range) to the negator spring bearings. 
(Note: If used in a dusty atmosphere, frequency 

of cleaning should be increased. ) 

10.4 Calibration Procedures . Calibration and adjustment of 
transducers and signal conditioners are in accordance with Sec- 
tion 7. Calibration instructions are specified in the manufac- 
turer's technical data (see Volume IV). 

10.5 Testing and Troubleshooting . Testing of the research in- 
strumentation to validate individual measurement channels shall 
be in accordance with the procedures of Section 9. Troubleshoot- 
ing, repair, and overhaul of instrumentation equipment shall be 
in accordance with the manufacturer's recommendation (see Volume 
IV for contractor furnished equipment). 

10.6 Recommended Spare Parts . Recommended spare parts required 
to support the research instrumentation system through 200 hours 
of flight research testing are given in Table 10-11. 
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TITLE STRAIN GAGING OF STRUCTURAL PARTS - 
WORKSHEETS AND DOCUMENTATION 
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GENERAL : 


REFERENCE : 


PROCEDURE: 


The Instrumentation Laboratory has responsibility 
for all strain gage laboratory worksheets. Thes-s 
sheets include most of the information necessary for 
gaging test parts, and become a permanent record for 
future reference. 

Engineering Laboratory s Group Function 80-13-004, 
Instrumentation Laboratories Strain Gaging of Structural 
Parts . 


1.0 DESCRIPTION - The strain gage lab work sheet is designed to 
contain most of the information necessary to determine where 
gages should be applied to a structural part. A sketch of the 
structural part shows gage locations and needed reference points 
for measuring these locations. Spaces are also provided to 
record strain gage information such as type, resistance, factor 
and lot number. Other spaces are provided for date, bridge 
balance, resistance to ground, technicians name, and current 
work order, EWA and DLN 

2.0 COORDINATION WITH REQUESTOR - Before a lab .worksheet can be 
started, various information must be acquired. This includes 

(a) correct EWA, (b) priority, schedule, (c) special requirements 
and any ether information necessary to perform the task. 

3.0 GAGE SELECTION AND PLACEMENT - Specific information is needed 
from the Structures Group on what ty- of gage installation 
is necessary and at what places they snould be applied. The 
normal installation at BHT is usually one of the following 
(a) bending, (b) torsion, (c) axial, (d) rosette, or (e) a 
single active arm uniaxial gage, most often referred to as a 
stress gage. Four active arm bridges, measuring either bending, 
torsion or axial loads are the ones most commonly selected. 

These bridges are more stable during changes of temperature and 
with an accurate calibration provide very reliable data. When 
the necessary information has been received, a work sheet can then 
be started. 

4.0 DRAWING OF WORKSHEET - Form No. 7872 55420 is used for the actual 
drawing . These drawings are not as critical as blueprints and 
are intended to be a guide for the strain gage technician. An 
original is made with pencil and Xerox copies are distributed 

as follows. One copy goes to the technician doing the work.. 

After the gage work is complete, this copy is returned to the 
technician supervisor. Information is transferred from this 
copy and will be retained as the file copy. Two copies go the 
the Instrumentation Test Operations Group, one to the Mechanical 
Lab Calibration Engineer and one to the Instrumentation Cali- 
bration Technician. This is done if the part is for flight 
test. If the part is for fatig.e test, the two normally going 
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to Flight Test are not used. This distribution is the normal 
route and is sufficient for most parts. 


5.0 ASSIGNMENT OF PROJECT - The assignment of parts to be gaged is 

usually done by the Technician Supervisor. Assignments are made 
after considering the workload. Technician abilities, time element 
and any other factors that may affect the job. Strain gaging, 
particularly the smaller parts, requires very special handling. 

In this respect, assignments are made accordingly. 


6.G CHECK AND FILE WORK SHEET - Upon completion of gaging, the work- 
sheet must be finished, the technician completes all information 
as shown in paragraph 1.0, then gives it to *■' e Technician 
Supervisor who files the original and distributes the rest as 
ncted in paragraph 4.0. Filing is done by lab numbers for 
future reference. 
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TITLE INSTRUMENTATION LABORATORY - Prepared by: t * 0 Date c /< 7 / 

STRAIN GAGING OF STRUCTURAL PARTS Checked T 

Approved l»v 


GENERAL: 


The Instrumentation Laboratory applies strain gages 
to structural parts for flight tests, fatigue tests, 
R&D Lab and other tests. 


REFERENCES : 


None 


FUNCTIONS : 


Worksheets and Documentation - Group 13 coordinates with Project, 
Design , and Laboratory personnel to determine the location and 
quantity of strain gages to be applied. A laboratory worksheet 
is then prepared to describe and document all pertinent facts 
regarding the installation procedure to be used by the strain 
gage technician. 

Strain Gage Application - With the worksheet as a guide, the 
strain gage technician follows established laboratory' procedures 
and practices to accomplish the strain gage application. 

Quality Control - Each strain gaged part is thoroughly inspected 
by Group l3 supervisory personnel prior to and after calibration. 
Each part must meet established performance standards for bridge 
balance, resistance to ground, linearity, cross talk, etc. 
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TITLE INSTRUMENTATION LAB - STRAIN GAGING 
OF STRUCTURAL PARTS - STRAIN GAGE 
APPLICATION 

/ f 

Prepared by;^v/'i£<r»*«?Date.5 // 

Checked by: y f J.vwDate £ // ?> 

Approved by: ( f Date^ // 


GENERAL: Application of all strain gages at BHT is the res- 

ponsibility of the Instrumentation Lab, Group 13. 


REFERENCES: Engineering Lab Group Function 80-13-004, Instrumen- 

tation Lab Strain Gaging of Structural Parts. 

FUNCTION : 

1. ASSIGNMENT AND DISCUSSION OF PROJECT - The Instrumentation Lab 
Technician Supervisor has responsibility for assigning strain gage 
^obs to individual technicians. Some of the things considered 
are scope of job, technician capabilities, location and time 
necessary for completion. At the time of assignment, some ques- 
tions about the project that may come up are discussed. These 
questions may be concerned with special instructions not covered 
on the work sheet or something not considered as general practice. 
Most items gaged are general in application and very little dis- 
cussion is necessary. 

2. DIMENSIONAL LAYOUT OF PART FOR GAGING - Most dimensions for strain 
gaged parts are shown on the lab work sheet. If not, verbal in- 
structions are necessary. Dimensional tolerances are usually given 
in hundredths so as to place the gage very close to the desired 
area as wanted by the requesting group. A close tolerance installa- 
tion is a very necessary part of the final outcome of a test. 

3. CLEANING OF PART - Cleaning of parts for strain gaging has one 
main function - to get down to the basic material that is to be 
gaged. Paint, plating, or other covering must be removed in order 
to expose the basic material. If a part is painted, either 
sanding or paint stripper is used. Diluted ammonium hitrate is 
used for stripping cad plate. In addition to removing paint, etc., 
from parts, a good bonding surface is necessary. This can be 
achieved by vapor blasting, sand blasting, sanding, grinding, or 
some surfaces, just cleaning. Vapor blasting is the preferred 
method to prepare the surface. Steel parts must also have metal 
conditioner applied to prevent rust from forming. When the surface 
is properly prepared the next step is cleaning. Cn steel, aluminum 
and fiberglass, ammonia cleaning detergent is used to remove oil. 
This is followed by several applications of acetone. A cotton 
swab will show no trace of dirt when completely clean. All 
titanium parts must be heated to approximately 50°F above the 
M-bond adhesive curing temperature, wiping with acetone and re- 
peated three times. This drives the oil out of the pores of the 
metal. After this treatment, titanium can be cleaned in the normal 
manner. A clean area is absolutely necessary for bonding of gages. 

4. APPLICATION OF GAGES - Gages can be aoplied in several ways, however 
two preferred methods are used at BHT. The first and best method is 
using M-Bond 600. This is a heat and pressure curing method which 
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gives excellent stability and long life. Complete instructions 
are given in the lab notebook IL-B-001A (copy attached) . The 
second, less desirable method, is with Eastman 910. This is a 
cyanoacrylate contact bonding agent. The time involved for in- 
stallation is less but so is the expected life of the adhesive. 
This type of installation is used mostly on items that cannot be 
readily heated, off-site installations, tail booms, fuselages 
and short term tests. About one year is the expected life of 
a 910 installation. Some special techniques have been developed 
by several technicians for using 910 but in general, following 
instructions given in micro-measurement instruction bulletin 
B-127 (copy attached) is sufficient. The main difference between 
this instruction and actual use in the Instrumentation Lab is 
substituting 3M 5490 teflon tape in place of cellophane tape. 

CURING OF ADHESIVES - As 910 is a contact adhesive only M-Bond 
600 will be discussed. For proper curing, M-Bond 600 requires 
a clamping pressure of 10 to 70 psi with 30 to 40 psi as the 
optimum. Several curing cycles, dependent on temperature, can 
be used. They are five hours at 150°F, two hours at 180°F, 
and one hour at 225°F with eight hours at 125°F used on occasion. 
Either one of these cycles can be used for a good long lasting 
cure . 


WIRING OF BRIDGES - Wiring of bridges for flight test is done 
in a conventional manner using single strand, color coded, teflon 
insulated wire. The four gages of a bridge are labeled: AB - 
BC - CD - DA. An accompanying drawing shows the various methods 
of bridge layout for bending, torsion, axial, and single active 
arm stress. Fatigue test requires a different approach due to 
the higher loads encountered. Gages are wired to a flat terminal 
using a small loop of wire to relieve high strains. This is 
referred to as a "Kitty Whisker" . Using this method in conjunction 
with multistranded superflex wire has resulted in vepy good fatigue 
1 i fe . 

CHECKOUT OF BRIDG ES - Checkout of bridges is covered in Procedure 
13-OP-0403 , Strain Gaging of Structural Parts, Quality Control. 

COVERING OF INSTALLATION - As protection is needed to keep the 
strain gages in good operating condition, a covering is used over 
all gages for most tests except fatigue tests. The covering used 
is Hysol 9309 Epoxy. This covering also provides a small degree 
of mechanical protection, and is clear enough so that visual 
observation of the gages can be maintained. 

COMPLETION OF WORK SHEET - All work sheets are completely filled 
out with necessary information and kept in a file in the Instrumen- 
tation Lab. This is covered in Procedure 13-GP-931, Strain Gaging 
of Structural Parts, Worksheets and Documentation. 
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STRAIN GAGE APPLICATIONS WITH 
M-BOND ()00 ADHESIVES 


I . INTRODUCTION 

Micro-Measurement M-Bond 600 Adhesive is n high performance 
epoxy resin formulated specifically for bonding strain gages, 
temperature sensor gages, and S/N r Fatigue Life Gages. When 
properly cured, it. is useful from -452°F to over 700 F for 
short-term tests. In common with most other materials, life 
is limited by oxidation and sublimaLion effects at elevated 
temperatures . 

II. MIXING INSTRUCTIONS 

1. Resin and curing agent bottles must be at room 
temperature before opening. 

2. Using the disposable plastic funnel, pour the 
curing agent Part B into Lhc resiu bottle con- 
taining Part A. Drain curing agent until it 
takes two (2) seconds for a drop to form on lip 
of Part B bottle. 

3. After replacing the brush-cap, shake the bottle 
vigorously for 10 seconds to mix. 

4. The freshly-mixed adhesive should be allowed to 
stand for at least 10 minutes before use. 

i 

5. Write the mixing date in the space provided after 
the bottles have been mixed. The mixed shelf life 
is approximately two weeks. However, when adhesive 
begins to thicken, it should be discarded. 

III. SURFACE PR EP AR A'l I ON 

1. Using ink pen or pencil, mark off gage location 
areas per instructions on lab work sheet. 

2. Remove all foreign mattrr (paint, oxide, scale, 

etc.) from surface in gage area, using either 
one or a combination of the following: paint . 

stripper (C Ichem 2236-A) , abrasive wheels 
turned by air motors, fiberglass brushes or 

1 P<0 grit sandpaper. On blades, e'c., lead-in 
wires tan Iv rented on lop of primer. Cadmium 
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plating must be removed from steel parts, in 
gage and wire routing areas, by use of cad 
stripper (Ammonium Nitrate 507 a - Water 50' o ) . 

Use acetone to neutralize cad stripper or 
water to neutralize paint stripper. 

Have specimen degreased or degrease in lab with 
solvents. To degrease titanium parts, heat, to 
a temperature of 50T above the curing tempera- 
ture that will be used and clean with acetone. 
Repeat this step three (3) times before applying 
gages to titanium parts. 


4. Sand or vapor blast gage areas when possible or 
abrade the surface with metal conditioner (Rudd 
No. 1) and clean with ammonia followed by acetone. 


5. Using ink pen, mark gage location points per lab 
work sheet. 

IV. G AGE PREPARATION 

1. All currently available micro-measurements gages, 
except the 11-baeked series, do not require a pre- 
cleaning before application unless contaminated 
during handling, which we assume always happens. 
The gages may be cleaned on the bonding side by 
using a cotton applicator moistened with acetone. 


2. Remove gage from acetate envelope with tweezers 
and place on a chemically clean glass or metal 
plate or the gage box with the bonding side of 
the gage down. 


3. Press a strip, approx. 2 or 3 inches long, of 
Scotch Brand Teflon Film Plastic Tape No. 549 
across gage, either lengthwise or widlbwise, 
depending on available space for placing gage 
on specimen. Using a metal straight edge and 
X-Aclo l:r.iCe, trim tape width to approx, width 
or length of gage matrix. 

V. GAGE IBSTAU.ATIOH 


1. Position pngo on specimen so that gape alignment 
marks match gage location ink lines on specimen 
su rfaco . 
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2. Using Scotch Brand No. 549 tope, nusk off 
each side of gage and across one end oE gage 
holding tape, (approx. U.l inch from gage) 

3. Using a pair of tweeters, peel page 'tape 
assembly hack from surface and finish 
mashing gage area. R emov e i n k 1. i lies w i. t h 
ammonia ted cotton t ipped n~ppl Teal or 7 

4. Rcclcan specimen and gage, with cotton appli- 
cators moistened in acetone. 


5. Coat specimen and bach of gng.es with adhesive, 
and allow surfaces to air dry at least P minutes 
at 75F and 5 07^ relative humidity to allow 
solvents to evaporate. Longer drying times 
required at lower temperatures arid higher rela- 
tive humidity. DO NOT ALLOIJ ADHESIVE APFLICAJOR 
TO TOUCH TATE MASTIC . 

6. Re-position gage on surface of specimen. 

7. Place a piece of Teflon film tape crosswise over 
installation. 



8. Place silicone rubber pad and back-up plate over 
installation. 

9. Spring-clamp or C-clainp installation. Once 
clamps arc applied, DO NOT R ELEASE CLAMPING. 
PRESSURE UNTIL ADDE SlV !?■ CURE IS COMPEL i E . 
Clamping pressure. 10 to /0 psi, 30 to 40 
psi optimum. Steps 5 through 9 should be 
completed within 20-30 minutes. 

VI. CURE PROCEDURE 

1. Place specimen in oven, and raise temperature, 

per instructions on lab work sheet, to curing 
level. Time am! euro temperature recommend. >- 
lions are as fellows: 5 hours at 130 V F, 2 hours 

at IRO'F, 1 hour at 22 r > L- F. 

2. Upon completion of cure cycle, cool specimen to 
a temperature of approx. 1 00 F before remoyi. 
clomping hardware. Tag to identify hoc part to 
prevent accidental burns to persons in the area. 
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1„ Very carefully remove the tape from and around 
gages. 

2. Reclenn gage and surrounding area with cotton 
applicators moistened in acetone. 

3. Using ink pen, identify all gages per work 
sheet . 

4. Select appropriate solder and attach lead-in 
wires to gages, being sure to use soldering 
flux. Remove flux wit lx acetone. 


5. Route wires neatly to terminal strip, completing 
a bridge circuit or as instructed by lab work 
slice t . 

6. Check and record on lab work sheet the following: 
bridge balance, 100K bridge balance and resistance 
to ground. Be sure bridge has proper output and 
good "zoro" return stability. (Check for mixed 
wiring at this time.) 

7. Using ink pen, mark lab number on specimen. 

8. Very carefully clean area to bo covered with 
acetone and apply protective coating per in- 
structions on lab work sheet. 

9. Total completed installation must be checked for 
quality and workmanship, as specified by the lab 
work sheet, by another qualified person or lab 
technician, acknowledging approval by signing 
the work sheet. 
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origins page is Strain Gage Installations With 
of poor quality M-M Certified Eastman 910 

I. Introduction: 

Micro-Mea«urement« Certified Kastman 910 cement is an excellent general pur|»ose lalmratory adhesive 
because of its fast roiini-t«.*mpcraluro cure and case of application. When properly handled it can lie used 
for hiifh elongation tests, for fatigue studies, for one-cycle proof tests to over liOO F or to below — 300*F. 

It is compatible with all M-M strain mattes and all mmimm structural materials. For host reliability it 
should l>e applied to surface lietween the temperatures of 70 F and KVF and a relative humidity envi- 
ronment of id to 0.7/". M-M 9|0 Catalyst has been sjH-cially formulated to control the reactivity rate of 
ihi< adhesive. The catalyst should be used sparingly for best results. Kxcessive catalyst can contribute 
many problems, eg. poor luuul strength. age embrittlement of the adhesive, poor glue-line thickness 
control, extended solvent evaporation time requirements, etc. Since Kastman 910. a cyano acrylate, 
is very hygroscopic it should lie carefully protected against moisture absorption. 

II. Surface Preparation: 

There are many surface prepare'. on techniques available to suit the requirements of various structural 
materials, such a< those indicated in M-M TKCII NOTH TN-b'15. Basic metallic denning procedures are 
to deg, ease with solvents such as t hlorothene Nl* or Freon TF: abrade surface, ami clean with M-Prep 
Conditioner A and Neutralizer 5. in that sequence. Kastman 910 will not produce satisfactory liond 
strengths to acidic surfaces no*- to highly alkaline surfaces. Best surface conditions can be obtained with 
a final cleaning solution such as M M Neutralizer !>. Since this solution is weakly mkaline. it should not 
lie allowed to dry at its mvn evaporation rate on the surface but should Ik* removed with one stroke usi- g 
gauze sponges, phi Cement should not be used on |mrous or heavily pitted surfaces since proper bond 
formation occurs only in a thin fibn. 

III. Gage Preparation: 

1. All present -dav M M gages used for ex|K*rimental stress analysis have lieen treated for optimum 
bonding conditions and require no pre-cleaning before use unless contaminated during handling. 

The back of any gage may lie cleaned with a cotton applicator slightly moistened with Neutralizer 5. 

2. Place the t>unding side of the gage on a chemically clean work surface such as'a glass plate or the 
gage box. 

•‘5. Pick up the gage with a strip of .T-M #107 cellophane tape and apply terminal strip in desired location. 

IV. Gage Installation: 

1. Position gage ndlophnne tape over lay-out lines on speeimen. 

2. Lift one end «»* tape at a shallow angle to surface falmut -15 I until gage and terminal are free from 
surface. 

3. Tuck loose end of la|ie under and press to surface so that the exposed gage lays flat. 

•1. Remove 910 catalyst brush from lmllle awl vvi|H* several times on neck of bottle to remove excess 
fluid. 

a. Apply catalyst to gage by swabbing surface without lifting brush. Move down to terminal strip, 
swab, and then lift brush. 

O. Allow catalvst to dry Mr at least one minute. - - - - 

7. Apply a drop of M M Certified 910 to surface just lielovv edge of ta|»c. 

P. Lift end of t;i|ie and bridge over adhesive at approximately a 45* angle. 

9. With a piece of gan/e or teflon film make a single firm stroke over tape and within one second place 
thumb over installation and hold for at least till seconds. 

10. When reauy to attach leads, remove tape In peeling back over gage installation so ihnl tape remains 
parallel to sm fare. 

NOTK: To prevent <*xrcssiw flow of 910 rerr.-nt over surface of specimen, mask desired area with the 
:$ M » 157 cellophane tajie prior to gage installation. RF-13 
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GENERAL: 


The Instrumentation Laboratory has responsibility 
for quality control of strain gage installations. 


REFERENCE: Engineering Laboratories Group Function 80-13-004, 

Instrumentation Laboratories Strain Gaging of 
Structural Parts 

PROCEDURE: 

1.0 VISUAL INSPECTION OF INSTALLATION - A visual inspection of all 
installations is conducted by the gaging technician to determine 
if gage is bonded in the correct place, wiring is correct, and 
no obvious defects exist, that can be seen with the naked eye. 

2.0 ELECTRICAL BALANCE OF BRIDGES - An electrical balance of each 
bridge is made tc determine if all gage resistances are ap- 
proximately equal. A bridge balance box with a millivoltmeter 
is used for this purpose. For all tests, a reading between plus 
and minus ten millivolts, with ten volts excitation ( ± 1 mv/volt) 
is acceptable. This condition is satisfactory with 350 ohm gages 
on metal and 1000 ohm gages c~ fiberglass. When 350 ohm gages are 
used on fiberglass specimens, the voltage must be reduced tc ap- 
proximately three volts. When the strain gage bridge or "stress 
gage" has met this requirement, in an unstrained condition, it 

is deemed satisfactory as far as ba’ar^- is concerned. 

3.0 RESISTANCE TO GROUND CHEC KS - The nexw in checking a bridge " 

for quality is made usin-f an insulation tester. A very high 
resistance to ground of at least 10,000 meg ohms per bridge is 
required with a minimum resistance of 1000 megs for multiple 

(in excess of ten) bridges that are common wired. Many bridges 
may be tied together through the common voltage, and low resis- 
tance to ground would degrade the whole system. Some degradation 
occurs with time and the elements so it is mandatory to have 
a very high resistance to ground to start with. Anything less 
than this requires rework of the gages or associated wiring. 

4.0 POSITIVE ID OF GAGES - Positive identification of gages is an 
absolute necessity to prevent the possibility of mistaking one 
bridge for another. Several methods can be used but the most 
acceptable and accurate is to verify continuity from each 
bridge terminal through all associated wiring to the connector 
or terminal block. Bridge interwiring can usually be detected 
using this method too. A very bad assumption is "thinking" 
that a bridge is one parameter when it is another. All 'bridges 
must be verified before data can be accepted, as many decisions 
are based on good usable information obtained from strain gage 
bridges . 
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5.0 CALIBRATION, EVALUATION AND FINAL ACCEPTANCE - The final deter- 
mination of a good bridge is made during calibration. A known 
load is mechanically applied to the strain gaged part and the 
electrical output is measured to establish a unity cal. Ac- 
ceptable quality of calibrations involving linearity and cross 
talk limits are given in Operating Procedure 13-OP-0502. 
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■ GENERAL : The Instrumentation Laboratory provides equipment. 


and personnel to support the acquisition, reduction, 
; and documentation of calibration data from strain 

gaged parts . 

i 

• REFERENCES : None 

i FUNCTIONS : 

j 1. Acquisition of Calibration Data - Group 13 provides equipment, 

wiring, ar.d personnel to indicate and record the output voltages 
| from strain gaged parts during calibration. Close coordination 

with the Mechanical Lab, Group 18, is involved in this effort. 

2 . Data Reduction and Checking - Calibration data is reduced and 
checked by Group 13 personnel. This effort is generally ac- 

S complished using a calculator based data system although other 

methods may be used. Data is also checked and approved by 
Group 18 . 

3. Documentation and Records - All reduced calibration data is 
entered into a file maintained by Group 13 personnel. 
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CALIBRATION OF STRAIN GAGFD PARTS 
- ACQUISITION OF CALIBRATION DATA 


GENERAL: 


REFERENCES : 


PROCEDURE : 
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Group 13 provides equipment, wiring, and personnel to 
acquire and record the output voltages from strain 
gaged parts during calibration. Close coordination 
with the Mechanical Lab, Group 18, is involved in 
this effort. 

(1) Engineering Laboratories Group Function 80-13-005, 
Calibration of Strain Gaged Parts 

(2) Instrumentation Laboratory Group Procedure 13-OP- 
0502 

(3) HP 9830 Operation and Software Manual 


GENERAL CALIBRATION PROCEDURES 

1.1 Group Responsibilities - The responsibility for calibration 
of structural parts is shared by Group 13 and Group 18 
(Mechanical Lab) . Group 18 is primarily responsible 

for providing the equipment, personnel, and procedure used 
to load the part. Similarly, Group 13 acquires the output 
data from the strain gages, reduces the data, and files 
and catalogs the results. The data is checked by both 
groups, however, final responsibility for approval of the 
calibration lies with Group 18. 

1.2 Load Standards - Depending on the method chosen, the load 
standard may consist of calibrated load cells or calibrated 
hydraulic cylinders and pressure gages. 

1 . 3 Data Acquisition Equipment - The equipment used to acquire 
strain gage output voltage readings may be any of the 
following : 

a. HP 9830A Calculator Based Data Acquisition System 

b. HP2013J Calibrator System 

c. Fatigue DAS 

1.4 Accuracy Classification - Calibration accuracy is dependent 
on the nature of the part and the equipment and method used 
for calibration. After a part is calibrated, an analysis 
of the data will be made to determine the accuracy classi- 
fication for that particular part. Specific criteria tr 

be used for this classification are agreed upon by Groups 
13, 18, 46 and other data users. See 13-OP-0502; Data 
Reduction and Checking, Section 2.0. 
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1.5 Recalibration Intervals - The use and required accuracy 
determines the necessary recalibration interval. All 
parts shall be downgraded to the next accuracy classifica- 
tion after 1 year has elapsed since the date of calibra- 
tion. At the discretion of the test engineer, a part may 
be recalibrated or else continue in use at the downgraded 
accuracy classification. 

2.0 CALIBRATIONS DONE WITH HP9830A CALCULATOR - The preferred cali- 
bration method is to use the HP9830A calculator system with load 
cells as the force standard. This method not only provides best 
accuracy but saves considerable time and effort. 

2.1 Calibration Setup - Preliminary steps involve coordination 
with Group 18 to determine the type of pull, number of 
calibration points, load cells to be used, gage and load 
stations, etc. 

2.1.1 Calculator System Preparation - The calculator 
system is prepared by connecting it to a 115V AC 
power source and allowing a 15 minute warmup. 

During this time each of the input channels should 

be connected and the -alibration data sheet prepared.] 
After warmup, the pn r bridge voltage should be 
set on the power supf. (6.000 volts for flight 
test parts, 10.000 vo s for parts to be used on the 
fatigue DAS) . The ca. ibrate program is next entered 
into the calculator using detailed operating in- 
struction provided by the "HP9830 Operation and 
Software Manual". 

2.1.2 Setup Data Entry - The calibration data sheet is 
filled out using information provided by Group 18 
and the worksheet for the part being calibrated. 

This information is entered into the calculator 
using the "start" and "input" subroutines (Ref. 
"HP9830 Operation and Software Manual') . 


2.2 Data Acquisition - The first step prior to beginning data 
acquisition is to perform a positive identification check 
for each of the bridges being calibrated. This is done 
using the "monitor" subroutine. 

2.2.1 Zero Point - With the test specimen at the zero 
load condition, execution of the "load" subroutine 
is begun. After several cycles to the max. load 
point and back to zero and when indicated by the 
calculator, the zero load readings are taken and 
stored. 

2.2.2 Load Points - Each succeeding load is applied and 
a set of readings are taken. At least five load 
points are taken (plus the pre and post zero points) . 
Only increasing load point are recorded. This 
procedure is continued until all pulls (beam, chord, 

torsion, etc.) are complete. 
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2.3 Data Output and Handling - After each pull the "1st order" 
subroutine is executed. This subroutine performs a 1st 
order least squares curve fit forcing the curve through 
zero. The calculator then checks gage output and deviation 
from the fitted line to determine which calibration class 
the gage meets. The unity cal and 100K CE are then, printed 
out along with the load and MV output for the data pull on 
each gage. 

2.3.1 After all pulls are complete, the "crosstalk" sub- 
routine is used to calculate the percent crosstalk 
for each gage for each pull. The calculator then 
checks the crosstalk to determine which calibration 
class each gage falls in. 

2.3.2 After execution of the "crosstalk" subroutine, the 
"data summary" routine may be used to obtain a data 
summary tabulation. At this point, the calculator 
has checked the data for crosstalk, linearity, etc., 
and provided final unity cal values. This data is 
further checked for proper values by the instrumenta- 
tion technician and the Mechanical Lab .est Engineer. 
If the data does not meet acceptable standards, it 
may be necessary to regage the part or make other 
changes prior to recalibration. All acceptable 
calibrations are signed by the Group 18 Test Engi- 
neer and the part is returned to the Instrumentation 
Lab for final covering and shipping. Approved data 
is delivered to the Group 13 data analyst for filing. 

3.0 CALIBRATIONS DONE WITH HP2013J - This method is less accurate 

and requires more data reduction time and should, therefore, be 
used only as a backup to the HP9830A. 

3.1 Calibration Setup - Preliminary steps include coordination 
with Group 18 to determine the type of pull, number of 
calibration points, jack factors, lever arm lengths, etc. 
Calibrator system preparation includes a 15 minute warmup 
time, connection of input cables and check and setting of 
the excitation voltage level. The calibration data sheet 
is completed with information from Group 18 and the work- 
sheet. 

3.2 Data Acquisition - The first step prior to beginning data 
acquisition is to perform a positive identification check 
for each of the bridges being calibrated. This is done in „ 
the manual scan mode. 

3.2.1 Zero Point - With the test specimen at the zero 

load condition, each bridge balance potentiometer 
is adjusted for zero volts offset. After several 
cyc.es to max load and back to zero, a set of zero 
readings is taker.. 
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3.2.2 Load Points - Each succeeding load is applied and a 

set of readings is taken. At least four load points 
are taken (plus the pre and post zero points) . Only 
increasing load points are recorded. This procedure 
is continued until all pulls (beam, chord, torsion, 
etc.) are complete. 

3.3 Data Handling - After all pulls are complete, the output 
data is given a preliminary check by the Group 18 Test 
Engineer for linearity, crosstalk, and proper output. 
Depending on whether the calibration data meets accepted 
standards, the part is either returned for regaging and 
recalibretion or else the calibration is approved and 
signed by the Group 18 Test Engineer and the part returned 
to the Instrumentation Lab for final covering and shipping. 
Approved data is delivered _o the Group 13 data analyst for 
filing . 

4.0 CALIBRATIONS DONE ON FATIGUE DAS - In machine calibrations done 
on the Fatigue DAS are handled similarly to those done on the 
HP9830A. DAS software operation details are maintained by 
Group 92 and Scientific and Technical Computing. 
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documentation and recording of all calibrations 
of strain gaged parts done for both flight and 
fatigue testing. Also, the calibrations for gyros, 
pressure transducers and flow meters calibrated in 
the Standards Lab are documented and recorded by 
the Instrumentation Group. 

Engineering Laboratories Group Function 180-13-005, 
Documentation and Records 


1.0 CALIBRATIONS DONE ON HP9830A CALCULATOR : 

1.1 Upon receipt of the calibration, the actual date of cali- 
bration is logged in the Calibration Equivalent Book and 
in the cross-reference file. 

1.2 The calibration is then separated into data and crosstalk 
sections . 


1.3 At this point any crosstalk which has been questioned is 
hand plotted. 

1.4 After questioned crosstalk has been plotted, copies of all 
data and plotted crosstalk are made for flight test, fatigue 
and stress groups. 

1.5 Calibrate equivalents and unit cals are then recorded in 
the appropriate files. 

1.6 The original data is then filed in notebooks. 

2.0 CALIBRATIONS DONE ON HP2013J CALIBRATOR : 

2.1 When the calibration is received from the lab, the actual 

date of calibration is recorded in the Calibrate Equivalent 
Book and in the cross-reference file. 


2.2 Following the instructions for computing program FCCR33, 
the calibrations are keypunched for batch data loading 
into the computer. A copy of the description and operation 
procedures for the FCCR33 program is available in the In- 
strumentation office. 

2.3 The FCCR33 program generates four (4) copies of the final 
computated data which is distributed as follows: 

(1) Group 13 retains the original for recording and filing. 

(2) Group 46 or Group 18, depending on intended use of the 
part, receives the second copy. 
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GENERAL: 


REFERENCES: 


PROCEDURE: 


Calibration data is reduced and checked by Group 13 
personnel. This effort is generally accomplished 
using a calculator based data system although other 
methods may be used. Data is also checked and ap- 
proved by Group 18 . 

(1) Engineering Laboratories Group Function 80-13-005, 
Calibration of Strain Gaged Parts 

(2) HP9830 Operation and Software Manual 


1.0 TERMINOLOGY - Specialized terminology relative to data reduction 

and checking include the following: 

a. U nity Cal (UC) - A calibration constant for bridge type 
transducers . In the general case, this is determined by 
plotting individual calibration data points of bridge voltage 
output in terms of millivolts per volt of excitation versus 
physical input to the transducer in appropriate engineering 
units. Unity cal is defined as the slope ’n engineering 
units per millivolt per volt of a straight line fitted to 
these data points. 

b. 100K Calibration Equivalent (10QK C.E.) - An alternate cali- 
bration constant for bridge type transducers. This is 
determined by dividing unity cal by the amount of bridge 
output in millivolts per volt of excitation produced when 

a 100K ohm resistor is shunted directly across the CD leg 
of the bridge. 

c. Accuracy Class - A classification system applied to cali- 
bration data . The numerical value of the class is indicative 
of the approximate three-sigma error percentage to be expected 
in the unity cal value. The method and equipment used during 
calibration as well as the characteristics of the part will 
determine which of three accuracy classes is ass ; gned. 

d. Least-Squares Error Band - The allowable range of deviations 
of bridge output values from a least-squares line (i.e. - the 
straight line for which the sum of the squares of the devia- 
tions is minimized) . 

e. Crosstalk - Undesirable output from a strain gage bridge when 
a part is loaded in any direction other than the sensitive 
axis of the bridge. As an example, a beam gage on a rotor 
blade may exhibit undesirable output when the blade is 
loaded in torsion, or in the chord direction. 

Percent crosstalk is the amount of output with maximum cross 
axis loading relative to the amount of output with maximum 
sensitive axis loading. 
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86 :ASW:mc-3710 

Memo to: Mr. K. G. Wernicke 

Copies to: Messrs. S. Blackman, P. Darden, J. Dillard, 

W. Jennings, J. Kidwell, H. Lawton, 
P. Mahaney, R. Marr, L. Roach, 

G. Rodriguez, T. Thomason, Files 

Subject: XV-15 PERIODIC CALIBRATION OF FLIGHT TEST 

INSTRUMENTATION 


The BHT recalibration policy is that shelf life on sensors is 
one year. Shelf life is defined as the time between the date 
a part is calibrated and the date the part is actually used. 


Sensors such as accelerometers, pressure transducers (calibrated 
by the Standards and Calibration Laboratory) are good for six 
months after the date the sensor is tagged (end of shelf life) . 


Strain gage sensors are calibrated by the Mechanical Laboratory. 
With the existing technology in strain gage materials, bonding 
materials and bonding procedures, it is felt the shelf life for 
strain gage parts can be extended almost indefinitely. This 
assumes that the part is not subjected to adverse conditions 
such as moisture, temperature or loading. Once installed, 
strain gage structural parts are used without recalibration for 
the duration of a particular flight test program. Experience 
has shown that malfunction of a strain gage sensor on a struc- 
tural part will manifest itself in such a manner as to be 
detectable .during normal preflight checks. 


It is recommended that this policy be continued during the XV-15 
flight testJ program. ( 





Aaron Whitener 
XV-15 Research Instrumentation 
Coordinator 

Instrumentation Test Operations 
Ext. 4882 
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APPENDIX I 

XV- 15 PCM CALIBRATION FORMUI kS 
AS USED IN GDC PROCESSING 


PSF cards with Real resistors ("P" module code) 


" = VRCAL( cts^-^VREF ( cts ) B = R£F<EU) - M VREF <cts > 

AMX cards no cal resistor ("A" module code) 


RCAL(EU) 512 

LLCAL(Cts) - GPAO(cts) GAIN(GPA) 


B = REF(EU) - 

M VREF (Cts) 


Definitions: All readings based on an average of 40 data cycles 

RCAL(EU) "P M : Engineering units represented by Real resis- 

tor used on aircraft 


RCAL(EU) "A": Engineering units represented by difference 

between LLCAL and CPAO 

Cts RCAL(VRCAL) : Digital counts with Reals switched in 

Cts REF (VREF) : Digital counts with aircraft in reference 

condition 

REF(EU) : Engineering units associated with sensors when in 

reference condition 

LLCAL: An inserted cal value of precise voltage on each AMX 

card; available at gain of 512 

GPAO: Shorted input to gain programmable amplifier; avail- 

able at certain gains 

Transformation of calibration sheet 100k calibration equivalent 
to calibration equivalent used on ship. 

SHIP CAL (SET UP SHEET) = 

C.E. = 115 K G Cal = Slope x A counts 

A counts = R-Cal Counts - Reference Counts 


sl °p« = rr: x 


5120 

1024 



1 

GPA GAIN 
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vhere : 


U.C. = Unity Cal from Calibratic.. Sheet 

B.V. = Bridge Voltage at Bridge 

5120 _ Input MV 
l024 ' Output Counts 

1 _ 1 
256 " PSF Card Gain 
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APPENDIX II 

XV- IS PCM CALIBRATION FORMULAS 
AS USED IN GDC PROCESSING 
(PRIOR METHOD) 


PSF cards with Real resistors ( M P" module code) 

« = v 5 c - A L (cfcsf- E TO£F(c i^T ® = BEF<EU > ' M VSEF (CtS > 

AMX cards no cal resistor ("A" module code) 


KCAL(EU) 512 

LLCAL(ctS) - GPAO(cts) GAIN(GPA) 


B = REF(EU) - 
K VREF(cts) 


Definitions: All readings based on an average of 40 data cycles 

RCAL(EU) "P” : Engineering units represented by Real resis- 

tor used on aircraft 


RCAL(EU) "A ,f : Engineering units represented by difference 

between LLCAL and GPAO 


Cts RCAL(VRCAL) : Digital counts with Reals switched in 

Cts REF(VREF) : Digital counts with aircraft in reference 

condition 


REF(EU) : Engineering units associated with sensors when in 

reference condition 


LLCAL: An inserted cal value of precise voltage on each AMX 

card; available at gain of 512 

GPAO: Shorted input to gain programmable amplifier; avail- 

able at certain gains 

Transformation of calibration sheet 100k calibration equivalent 
to calibration equivalent used on ship. 

SHIP CAL (SET UP SHEET) = 


IQOk-Q 

RCAL RESISTORD 


BRIDGE VOLTAGE 
AT PROGRAM BOARD 
BRIDGE VOLTAGE 
MEASURED AT 
TRANSDUCER 


X 100k CE FROM SET UP SHEET 
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